
Helvetica Chimica Acta

RESEARCH ARTICLE

Bismuth Compounds React With a Nitrone: Lewis Pair
Formation and Quantification of Radical Trapping
Andreas Stoy1 Johannes Schwarzmann1,2 Felix Geist1,2 Ahmed Fetoh1,2,3 Malte Jürgensen4 Jordi Poater5,6
Istemi Kuzu1,2 Crispin Lichtenberg1,2

1Department of Chemistry, Philipps-Universität Marburg, Marburg, Germany 2mar.quest, Marburg Center for QuantumMaterials and Sustainable
Technologies, Marburg, Germany 3Faculty of Science, Department of Chemistry, Mansoura University, Mansoura, Egypt 4Institute of Inorganic Chemistry,
Julius-Maximilians-Universität Würzburg, Würzburg, Germany 5Department de Química Inorgànica i Orgànica & IQTCUB, Universitat de Barcelona,
Barcelona, Spain 6ICREA, Barcelona, Spain

Correspondence: Crispin Lichtenberg (crispin.lichtenberg@chemie.uni-marburg.de)

Received: 12 October 2025 Revised: 7 November 2025 Accepted: 10 November 2025

Keywords: bismuth compounds | Lewis pair formation | nitrones | radical release | spin trap

ABSTRACT
Reactions of the Lewis acidic, cationic bismuth compound [BiMe2(SbF6)] (1) with the spin trapα-phenyl-N-tertbutyl-nitrone (PBN)
yield simple Lewis acid/base adducts [BiMe2(PBN)(SbF6)] (2) and [BiMe2(PBN)2][SbF6] (3). Such adducts have, for the first time,
been fully characterized for the frequently used spin trap PBN. The ability of 2 and 3 to release PBN-trappedmethyl radicals under
thermal conditions is investigated. This is compared to the ability of a small series of simple neutral organobismuth compounds
BiR3 (R=Me, nBu, iPr, tBu, CF3) and onemixed aryl/alkyl-substituted bismuth complex to transfer carbon-based radicals to PBN.
Applied analytical techniques include NMR spectroscopy, elemental analysis, mass spectrometry, single-crystal X-ray diffraction
analysis, and EPR spectroscopy.

1 Introduction

The utilization of bismuth compounds in stoichiometric and
catalyzed radical reactions has recently gained momentum in
the fields of organometallic chemistry, organic synthesis, and
electrocatalysis (Scheme 1) [1–27]. However, the isolation and
detailed characterization of bismuth radical species remains
a tremendous challenge and commonly relies on stabilizing
strategies, rendering the resulting compounds less active for
synthetic and catalytic applications [28–33]. Whenmore reactive,
short-lived intermediates are to be tracked in rapid chemi-
cal transformations, the in-situ EPR spectroscopic detection of
organic radicals released from bismuth compounds in homolytic
bond dissociation reactions has recently granted importantmech-
anistic insights [6, 17]. In some cases, however, even these organic

radicals show lifetimes too short to be detected under typical
reaction conditions, which commonly cover temperatures of
around 20◦C and above. To meet these challenges, techniques
that operate under low-concentration conditions in the gas phase,
such as (threshold) photoelectron-photoion-coincidence spec-
troscopy, coupled to mass spectrometry, have been applied [10,
34]. When aiming at the detection of short-lived radical species
under conditions typically applied in wet-chemical synthesis,
spin traps can be utilized [35]. These reagents readily react with
short-lived radical species (typically with the formation of a new
covalent single bond) to give persistent radicals that can more
conveniently be detected. This approach has provided valuable
insights into mechanistic details of stoichiometric and catalyzed
reactions [4, 10]. On the other hand, it has to be kept in mind that
spin trapping reagents are naturally not limited to their intended
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SCHEME 1 (a) Bismuth(III) compound involved in an equilib-
rium homolytic bond dissociation reaction (e.g., R, R’ = aryl, alkyl,
aminyl, aryloxyl, bismuthyl) [14, 15, 43, 44]. (b) Example of a radical
cyclo-isomerization reaction catalyzed by a bismuth complex; [Bi] =
S(C6H4)2Bi–Mn(CO)5 [4, 7]. (c) Trapping of a methyl radical (released
from BiMe3) by α-phenyl-N-tertbutyl-nitrone (PBN) [10].

role of capturing fleeting radical intermediates. In principle,
they could accelerate or impede radical formation or even enter
alternative reaction pathways. However, parallel or alternative
reaction pathways in radical trapping reactions can be difficult
to uncover and have rarely been reported. For instance, the
ability of spin traps such as nitrones to act as ligands in metal
complexes has been reported in rare cases [36–41]. This behavior
can likely have an impact on spin trapping events that involve
metal complexes with Lewis acidic binding sites. Among the
various nitrones that have been utilized as spin traps, α-phenyl-N-
tertbutyl-nitrone (PBN) is a well-established and frequently used
representative (Scheme 1c). However, its ability to act as a ligand
has only been suggested in reactions of 2-tBu-3-Ph-oxaziranewith
BF3, where the formation of E and Z isomers of PBN-BF3 adducts
was suggested based on the determination of melting points and
IR spectra [42].

Here we report the synthesis, isolation, and characterization of
Lewis acid/base adducts between a cationic bismuth complex and
PBN, along with studies aiming to evaluate the ease of radical
release by a small series of organobismuth complexes.

2 Results and Discussion

The dimethyl bismuth cation [BiMe2(SbF6)] (1) has been shown
to undergo Lewis acid/base pair formation with various sub-
strates, including carbon- [45, 46], nitrogen- [47], phosphorus-
[46], oxygen- [46], sulfur- [46], selenium- [46], and metal-
based [9, 47] bonding partners. It was thus identified as a
promising Lewis acid to undergo simple complex formation with
PBN. Indeed, the reaction of 1 with one or two equivalents of
PBN in dichloromethane led to the isolation of yellow crys-
talline compounds, which could be identified as the adducts
[BiMe2(PBN)(SbF6)] (2) and [BiMe2(PBN)2][SbF6] (3) (Scheme 2).
1HNMR spectroscopic investigations revealed the expected signal
patterns and intensity ratios of methyl and tBu groups of 6:9
and 6:18 for compounds 2 and 3, respectively. The 1H and
13C NMR chemical shift values for the methyl groups in 2
(1.71/49.6 ppm) and 3 (1.43/43.6 ppm) are significantly smaller

SCHEME 2 Synthesis of [BiMe2(PBN)(SbF6)] (2) and
[BiMe2(PBN)2][SbF6] (3). Conditions: DCM, room temperature,
2 h. DCM, dichloromethane.

than in the electron-deficient starting material 1 (2.28/64.4 ppm)
[47], reflecting the increasing electron donation from the PBN
ligands to the Lewis acidic bismuth center. High-resolution mass
spectrometry showed the molecular ion peak of m/z = 416.1421
for the complex cation [BiMe2(PBN)]+ in the case of 2. The same
ion was detected in the case of 3 (m/z = 416.1423), indicating
the lability of one PBN ligand under the conditions of the mass
spectrometric experiment.

The composition of compounds 2 and 3 was unambiguously
established by single-crystal X-ray diffraction analysis (Figure 1).
Both compounds crystallize in the monoclinic space group P21/c
with Z = 4. The bismuth atoms are found in bisphenoidal
coordination geometries with themethyl groups in the equatorial
positions. For compound 2, the axial positions are occupied by
one PBN ligand and a fluorine atom of the (SbF6)– counteranion,
which forms a weak interaction with the bismuth center accord-
ing to distance criteria [48]. For compound 3, the axial positions
are occupied by the two PBN ligands. The Bi–C bond lengths
in compounds 2 and 3 amount to 2.23–2.24 Å and are identical
within limits of error.

They are slightly longer than the Bi–C bond lengths in starting
material 1 (2.22 Å) [47], which results from the donation of
electron density from the PBN ligands to the bismuth centers.
The Bi–O bond in 2 (2.28 Å) is significantly shorter than those
in 3 (2.41–2.44 Å), mirroring the competition of one PBN ligand
with either a weakly coordinating (SbF6)– anion (in 2) or another
PBN ligand (in 3) for the vacant p-orbital of the Lewis acidic
bismuth center. The N–O distances in 2 (1.35 Å) and 3 (1.33 Å)
are lengthened compared to free PBN (1.307 Å) [49], as previously
observed for nitrones acting as ligands in mononuclear transition
metal complexes [36].

The ability of the neutral parent compound BiMe3 (4) to transfer
methyl radicals to PBN has previously been demonstrated [10],
while the lighter homologs AsMe3 and SbMe3 showed less
selective and much less efficient radical transfer under similar
conditions [50]. In order to compare the ability of BiMe3 for
intermolecular methyl radical transfer to PBN with that of 2
and 3 for intramolecular methyl radical transfer to PBN, the
following protocol was tested: A concentration of c(Bi) = 0.1 m
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FIGURE 1 Molecular structures of compounds 2 (a) and 3 (b) in the solid state, as determined by single-crystal X-ray diffraction analyses.
Displacement ellipsoids are shown at the 50% probability level. Hydrogen atoms and a lattice-bound CH2Cl2 molecule in the case of 3 are omitted
for clarity. Selected bond lengths (Å) and angles (◦): Compound 2: Bi1–O1, 2.276(2); Bi1–F1, 2.675(2); Bi1–C12, 2.233(4); Bi1–C13, 2.232(3); N1–O1, 1.353(3);
O1–Bi1–F1, 169.87(7); C13–Bi1–C12, 90.9(1); Compound 3: Bi1–O1, 2.443(2); Bi1–O2, 2.408(2); Bi1–C23, 2.231(3); Bi1–C24, 2.241(3); N1–O1, 1.333(3); N2–O2,
1.331(3); O1–Bi1–O2, 168.06(6); C24–Bi1–C23, 89.3(1) (Further bonding parameters are shown in the Supporting Information).

TABLE 1 EPR spectroscopic experiments of bismuth compounds 2–9with PBN (except for 2 and 3, where no PBNwas added) with c(Bi)= c(PBN)
= 0.1 mol/L.

Entry Compound X Tonset [◦C] giso a(N) [MHz] a(H) [MHz] a(F) [MHz]

1 4a Me 35 2.0053 41.2 8.4 –
2 2b–e Me 70 2.0051 42.2 9.1 –
3 3b,c,e Me 60 2.0051 42.2 9.4 –
4 5a nBu 10 2.0050 41.0 8.9 –
5 6a iPr < –30f 2.0052 41.3 7.6 –
6 7a tBu < –30f 2.0052 40.9 6.6 –
7 8a CF3 100 2.0054 39.1 5.3 4.7
8 9a Me/aryl 35 2.0050 40.6 7.1 –

Note: Onset temperatures (Tonset, S/N ≥ 3) as well as giso values and coupling constants of the spin adducts are given.
aSolvent = toluene.
bSolvent = CH2Br2.
cNo PBN added.
dNot fully solubilized.
eWeak signal intensity results in larger experimental error in g value and coupling constants.
fWith the experimental setup, sample preparation and transfer to the spectrometer were possible at temperatures as low as –30◦C.
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in a suitable organic solvent was used, as it is in the typical range
of concentrations used for organometallic transformations. If the
compound of interest did not contain PBN, the nitrone was added
(c(PBN)= 0.1m). If necessary, the sample preparationwas carried
out at low temperature (–30◦C). The sample was transferred
to the cavity of the EPR spectrometer at a given temperature,
and data collection was started while heating in steps of 5◦C
at a rate of 5◦C/min. The onset temperature of radical transfer
(Tonset) was defined as the temperature at which a resonance was
observed in the EPR spectrum and the signal-to-noise ratio had
reached a value of S/N ≥ 3 under the conditions of the protocol.
Care has to be taken when applying this protocol because of
the high sensitivity of the EPR spectroscopic experiment. Thus,
parameters such as minor sample impurities, the time needed for
sample preparation and transport, and control of the temperature
during sample preparation are of crucial importance when the
onset temperature (not the detection of the radical as such) is of
interest, and potential unwanted influences need to be carefully
excluded. Applying this protocol to BiMe3 confirmed the facile
methyl radical transfer to PBN and revealed an onset temperature
of 35◦C (Table 1, entry 1).

Surprisingly, significantly higher onset temperatures of 60◦C–
70◦C were determined for compounds 2 and 3 (entries 2, 3),
indicating that the methyl radical transfer to PBN was less
facile than for BiMe3 despite the intramolecular nature of this
reaction for 2 and 3. So how do the positive charges in the
complex cations of 2 and 3 and the coordination environment
of the bismuth center influence radical formation? Potential
reasons for the observed differences in radical trapping include
(i) a strengthening of the Bi–C bonds in the complex fragment
[BiMe2]+ due to contraction of the large Bi-centered atomic
orbitals as a result of the higher effective charge at the Bi center
(as compared to BiMe3) and (ii) modifications of the radical
trapping efficiency of bismuth-bound PBN due to its polarization
and spatial orientation relative to the radical that is to be
trapped.

In order to verify the general viability of the above-mentioned
“onset temperature method”, a small series of bismuth com-
pounds was targeted, which were expected to show a varying
ability to act as sources of carbon-centered radicals. Compounds
BiR3 were synthesized and isolated (R = nBu (5), iPr (6), tBu (7),
CF3 (8)). EPR spectroscopic investigations in the presence of one
equivalent of PBN revealed low onset temperatures of 10◦C (5) or
< –30◦C (6, 7) (entries 4–6), in agreement with the expected ease
of radical generation due to the primary, secondary, or tertiary
nature of the respective carbon-centered radical. Compound 8
showed a high onset temperature of 100◦C (entry 7), which
was ascribed to the polar nature of the Bi–CF3 bond, which
results from the high group electronegativity of the CF3 moiety
and can be expected to favor heterolytic rather than homolytic
bond cleavage. Overall, the coupling constants determined for the
radicals trapped in reactions with 2–8 (entries 1–7) are in good
agreement with the literature, taking differences in measure-
ment conditions, such as solvent and temperature, into account
[51].

In order to test if the release of alkyl radicals is favored over
that of aryl radicals, compound 9 with a mixed alkyl/aryl

SCHEME 3 Reaction of 9 (containing 4 Bi–Calkyl and 2 Bi–Caryl

bonds) with four equivalents of iodine to selectively give 10 (leaving 2
Bi–Calkyl bonds intact).

substitution pattern was investigated [52]. For compound 9, the
onset temperature of 35◦C matches that of BiMe3 (entries 1, 8).
The analysis of the EPR spectrum obtained at this temperature
reveals coupling constants of a(1 × 14N) = 40.6 MHz and a(1
× 1H) = 7.1 MHz. This ranges between the values reported for
[PBN–CH3]

∙ (a(1 × 14N) = 41.7 MHz; a(1 × 1H) = 9.9 MHz) and
for [PBN–Ph]∙ (a(1 × 14N) = 40.3 MHz; a(1 × 1H) = 6.1 MHz)
[51], suggesting that a mixture of nitrone-trapped aryl and alkyl
radicals is present under these conditions.While the quality of the
spectrum at the onset temperature is inherently poor due to the
poor signal-to-noise ratio, this interpretation is further supported
by reactivity studies of 9 with iodine (Scheme 3). Adding four
equivalents of iodine to compound 9 should leave the Bi–Caryl

bonds intact if the cleavage of Bi–Calkyl bonds was clearly favored.
However, the reaction of 9 with four equivalents of iodine in
DCM gave the di-iodo-thioxanthene 10 in 88% isolated yield,
showing that the cleavage of Bi–Caryl bonds can compete with
that of Bi–Calkyl bonds in this compound, which is notable in
view of the higher reactivity of bismuth alkyl species such as
BiMe3 and BiEt3 compared to bismuth aryl species such as BiPh3
(for full characterization of 10, see Experimental and Supporting
Information) [53–55]. In agreement with these findings, reactions
of 9 with two equivalents of iodine proceeded unselectively,
yielding a mixture of products.

3 Conclusions

In summary, we have presented the first isolation and full
characterization of compounds containing the spin trap α-
phenyl-N-tertbutyl-nitrone (PBN) as a simple σ-donor ligand,
[BiMe2(PBN)(SbF6)] (2) and [BiMe2(PBN)2][SbF6] (3). Heating
2 and 3 in solution releases the PBN-trapped methyl radicals.
However, intermolecular methyl radical transfer from BiMe3 to
PBN is facilitated at lower temperatures. Homoleptic bismuth
compounds BiR3 were shown to undergo facile, thermally initi-
ated release of the carbon-centered radicals (nBu)∙, (iPr)∙, and
(tBu)∙ and release of (CF3)

∙ under more forcing conditions.
These results are anticipated to aid in the further development
of bismuth-based reagents for controlled radical reactions and
the spectroscopic detection of radical intermediates. Work along
these lines is currently ongoing in our laboratories.
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4 Experimental Section

4.1 General Considerations

All manipulations were performed under an inert argon atmo-
sphere using common Schlenk line techniques or in a glovebox
(GS Systems). The used compounds were stored and prepared in
a glovebox. All solvents were distilled from appropriate drying
agents and stored under an argon atmosphere over activated
molecular sieves [56]. Deuterated solvents were degassed via
three “freeze-pump-thaw” cycles and stored over activated molec-
ular sieves (3 or 4 Å) under an argon atmosphere. BiCl3 was
freshly sublimed prior to use. [BiMe2(SbF6)] (1) [47], BiMe3 (4)
[53], Bi(CF3)3 (8) [57, 58], and 9 [52] were synthesized according
to the literature. All other substances were purchased from com-
mon chemical suppliers and used without further purification.
Synthetic access to or in situ generation of compounds 5, 6, and 7
has previously been reported [59–61].

EPR spectra were recorded on a Bruker Magnettech ESR5000
spectrometer equipped with a temperature controller TCH04.
All samples were prepared in an argon-filled glovebox and
transferred into a quartz glass tube prior to data collection. All
measurements were performed under an atmosphere of purified
argon. The EasySpin software package was utilized to simulate
the EPR spectra and deduce g values and coupling constants from
experimental spectra [62].

NMR spectra were recorded on Bruker instruments operating
at 300, 400, or 500 MHz with respect to 1H. 1H and 13C NMR
chemical shifts are reported relative to SiMe4 using the residual
1H and 13C chemical shifts of the solvent as a secondary standard.
19F NMR chemical shifts are reported relative to CFCl3 as
an external standard. NMR spectra were recorded at ambient
temperature (typically 23◦C), if not otherwise noted.

Elemental analysis was performed on a vario MICRO cube from
Elementar Analysesysteme GmbH. The sample preparation was
done in a glovebox.

Single crystals suitable for X-ray diffraction analysis were coated
with polyisobutylene or perfluorinated polyether oil in a glovebox
(GS Systems), transferred to a nylon loop, and then to the
goniometer of a diffractometer equipped with a molybdenum X-
ray tube (Kα, λ = 0.71073 Å). The data obtained were integrated
with SAINT, and a semi-empirical absorption correction from
equivalents with SADABS was applied. The structure was solved
and refined using the Bruker SHELX 2014 software package
[63]. All non-hydrogen atoms were refined with anisotropic
displacement parameters. All hydrogen atoms were refined
isotropically on calculated positions by using a riding model with
their Uiso values constrained to 1.5Ueq of their pivot atoms for
terminal sp3 carbon atoms and 1.2 for all other atoms. Deposition
number(s) https://www.ccdc.cam.ac.uk/services/structures?id=
doi:10.1002/hlca.202500182 2491267 (for 2), 2491268 (for 3), and
2491269 (for 4) contain(s) the supplementary crystallographic
data for this paper. These data are provided free of charge by the
joint Cambridge Crystallographic Data Centre and Fachinforma-
tionszentrum Karlsruhe http://www.ccdc.cam.ac.uk/structures
Access Structures service.

4.1.1 [BiMe2PBN][SbF6] (2)

To a solution of [BiMe2(SbF6)] (1) (134 mg, 282 µmol) in DCM
(3.0 mL) was added a solution of PBN (50 mg, 282 µmol) in
DCM (3.0 mL) dropwise at room temperature over 5 min. The
reaction mixture was stirred at room temperature for 2 additional
hours, filtrated, the solution layeredwith pentane (approximately
15 mL), and stored at –30◦C overnight. The crystalline material
that formed was washed with pentane (3 × 3.0 mL), dried in
vacuo, and used for sc-XRD.

Yield: 135mg (207 µmol, 73%) of a yellowmicrocrystalline powder.

1H-NMR (500.1 MHz, CD2Cl2): δ = 1.63 (s, 9H, C(CH3)3), 1.71 (s,
6H, Bi(CH3)2), 7.62 (tt, 2H, 3JHH = 7.31 Hz, 4JHH = 1.58 Hz, CHmeta),
7.62 (tt, 1H, 3JHH = 7.96 Hz, 4JHH = 1.27 Hz, CHpara), 7.92–7.94 (m,
2H, CHortho), 8.16 (s, 1H, NCH).

13C{1H}-NMR (125.8 MHz, CD2Cl2): δ = 28.1 (C(CH3)3), 49.6
(Bi(CH3)2), 72.8 (C(CH3)3), 126.8 (CHipso), 130.1 (CHmeta), 131.9
(CHortho), 135.3 (CHpara), 146.8 (NCHC).

19F-NMR (470.59MHz, CD2Cl2): No signals corresponding to the
SbF6– anion could be foundwithin the scanned region (from –220
to 21 ppm).

ESI(+)-HRMS: Calculated (%) for [C13H21BiNO]+,
m/z = 416.1419; Found: m/z = 416.1421 (100).

ESI(−)-HRMS: calculated (%) for [SbF6]−, m/z = 234.8944;
Found:m/z = 234.8948 (100).

Elemental Analysis: Calculated (%) for C13H21BiF6NOSb
(652.05 g/mol): C 23.95, H 3.25, N 2.15; Found: C 24.42, H 3.32, N
2.26.

4.1.2 [BiMe2(PBN)2][SbF6] (3)

To a solution of [BiMe2(SbF6)] (1) (134 mg, 282 µmol) in DCM
(3.0 mL) was added a solution of PBN (100 mg, 564 µmol) in
DCM (3.0 mL) at room temperature dropwise within 5 min.
The reaction mixture turned pale yellow and was stirred at
room temperature for 2 additional hours, filtrated, the solution
layered with pentane (approximately 15 mL) and stored at –
30◦C overnight. The crystalline material that formed was washed
with pentane (3 × 3.0 mL) and used for sc-XRD at this stage.
Alternatively, the residue was dried in vacuo for 16 h to remove
any co-crystallized solvent molecules.

Yield: 199 mg (240 µmol, 85%) of a yellow microcrystalline solid.

1H-NMR (500.1 MHz, CD2Cl2): δ = 1.43 (s, 6H, Bi(CH3)2), 1.48 (s,
18H, C(CH3)3), 7.43 (t, 4H, 3JHH = 7.78 Hz, CHmeta), 7.55 (tt, 2H,
3JHH = 7.46 Hz, 4JHH = 1.21 Hz, CHpara), 7.84 (s, 1H, NCH), 7.85 (s,
1H, NCH), 7.86–7.87 (m, 4H, CHortho).

13C{1H}-NMR (125.8 MHz, CD2Cl2): δ = 28.0 (C(CH3)3), 43.6
(Bi(CH3)2), 71.8 (C(CH3)3), 128.3 (CHipso), 129.3 (CHmeta), 131.0
(CHortho), 133.1 (CHpara), 141.4 (NCHC).
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19F-NMR (470.59MHz, CD2Cl2): No signals corresponding to the
SbF6– anion could be foundwithin the scanned region (from –220
to 21 ppm).

ESI(+)-HRMS: calculated (%) for [C13H21BiNO]+ (M—PBN),
m/z = 416.1419; Found:m/z = 416.1423 (100).

LIFDI(+)-HRMS: calculated (%) for [C23H33BiF6N2O2Sb]+ (M—
CH3),m/z= 813.12883; Found:m/z= 813.12969 (65); calculated (%)
for [C13H21BiNO]+,m/z = 416.1419; Found:m/z = 416.1487 (100).

Elemental Analysis: Calculated (%) for C24H36BiF6N2O2Sb
(829.29 g/mol): C 34.76, H 4.38, N 3.38; Found: C 34.98, H 4.308, N
3.34.

4.1.3 Bi(nBu)3 (5)

A solution of BiCl3 (6.06 g, 19.2 mmol) in Et2O (120 mL) was
cooled to –78◦C, and a hexane solution of nBuLi (2.5 M, 23.2 mL,
58.1 mmol) was added dropwise within 30 min. During the addi-
tion, the colorless suspension turned pale pink, and subsequently
a greyish solution was obtained. The reaction mixture was stirred
for 1 h at –78◦C, slowly warmed to room temperature, and stirred
for 2.5 h. All insoluble components were separated by filtration,
and the residue was washed with Et2O (2 × 15 mL). The obtained
solution was exposed to reduced pressure (7.0∙× 10−3 mbar) until
only a small residue remained (in order to remove the solvent).
All insoluble components were separated by filtration, yielding a
pale yellow oil.

Yield: 6.5 g (17.1 mmol, 89%) of a pale yellow, temperature-
sensitive oil.

1H-NMR (300.19 MHz, C6D6): δ = 0.92 (t, 9H, 3JHH = 7.35 Hz,
C3H6-CH3), 1.29–1.41 (m, 6H, C2H4-CH2-CH3), 1.81–1.95 (m, 12H,
C2H4-C2H5).

13C{1H}-NMR (75.48 MHz, C6D6): δ = 13.96 (s, C3H6-CH3), 18.29
(s, C2H4-CH2-CH3), 28.79 (s, C2H4-C2H5), 31.61 (s, C2H4-C2H5).

ESI(+)-HRMS: Positive mode; calculated (%) for [C16H36Bi]+,
m/z = 437.2621; Found:m/z = 437.2612 (100).

4.1.4 Bi(iPr)3 (6)

A solution of BiCl3 (6.5 g, 20.6mmol) in Et2O (120mL)was cooled
to 0◦C, and aTHF solution of iPrMgCl (2.0M, 31.4mL, 62.9mmol)
was added dropwise within 30 min. During the addition, the
colorless suspension turned yellow, and subsequently a greyish
solutionwas obtained. The reactionmixturewaswarmed to room
temperature and stirred for 1.5 h, all insoluble components were
separated, and the residue was washed with Et2O (2 × 15 mL).
The obtained solution was distilled at ambient pressure with a
bath temperature of 65◦C and a head temperature range of 36◦C to
40◦C. The residuewas trap-to-trap distilled to obtain a pale yellow
liquid.

Yield: 16.4 g (35.4% (weight) of Bi(iPr)3, 17.2 mmol, 83%) of
a pale yellow solution (containing 7 equivalents of THF and
1.5 equivalents of Et2O).

Solvent-free Bi(iPr)3 can be obtained by slow evaporation of all
volatiles at room temperature and 1.0∙× 10−2 mbar. During this
step, the yield of neat Bi(iPr)3 drops to approximately 53%.

1H-NMR (300.19 MHz, C6D6): δ = 1.83 (d, 18H, 3JHH = 7.26 Hz,
CH(CH3)2), 2.15 (hept, 3H, 3JHH = 8.82 Hz, CH(CH3)2).

13C{1H}-NMR (75.48 MHz, C6D6): δ = 23.73 (s, CH(CH3)2), 28.67
(s, CH(CH3)2).

ESI(+)-HRMS: Positive mode; calculated (%) for [C6H14Bi]+,
m/z = 295.0894; Found:m/z = 295.0890 (100).

4.1.5 Bi(tBu)3 (7)

A suspension of BiCl3 (6.0 g, 19.03 mmol) in Et2O (150 mL)
was cooled to –78◦C, and a solution of tBuLi in pentane (1.7 M,
33.8 mL, 57.46 mmol), added dropwise within 1 h. Upon addition,
the mixture turned grey immediately and subsequently darkened
to a black suspension that was stirred for 90 min at –78◦C. The
mixture was slowly warmed to room temperature and stirred for
1 h at room temperature. During this time, a metal-like mirror
formed on the inner glass wall of the reaction vessel. All insoluble
components were removed by filtration, and the residue was
washed with Et2O (3 × 20 mL) while the receiving vessel was
precooled to 0◦C. All volatiles were removed in vacuo at 0◦C, and
the obtained black oil was diluted with pentane (approximately
3 mL), and all insoluble parts were removed by filtration to give a
yellow solution.

Yield: 6.62 g (4.08 g neat Bi(tBu)3, 10.74 mmol, 56%) of an
intense yellow/orange, temperature sensitive solution (contain-
ing 3.45 equivalents of pentane).

Solvent-free Bi(tBu)3 can be obtained by evaporation of all
volatiles at room temperature and 3.0∙× 10−2 mbar. During this
step the yield of neat Bi(tBu)3 drops to approximately 50%.

1H-NMR (300.19 MHz, C6D6): δ = 1.79 (s, 27H, 3 × C(CH3)3).

13C{1H}-NMR (75.49 MHz, C6D6): δ = 32.6 (s, C(CH3)3), 47.3 (s,
br, C(CH3)3).

ESI(+)-HRMS (pentane): Positive mode; calculated (%) for
[C12H26Bi]+,m/z = 379.1838; Found:m/z = 379.1823 (65).

4.1.6 2,7-Di-tert-Butyl-4,5-Diiodo-9,9-Dimethyl-9H-
Thioxanthene
(10)

A solution of I2 (62.3 mg, 245.5 µmol) in DCM (5.0 mL) was added
dropwise to a solution of compound 9 (50.0 mg, 61.4 µmol) in
DCM (2.0 mL) at room temperature. The brown suspension that
formed was stirred for 1 h at room temperature. The solvent was
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removed in vacuo, and the black solid was extracted with DCM.
The solvent was again removed under reduced pressure, and the
light-yellow solid was washed with pentane (3 × 1 mL). Single
crystals suitable for sc-XRDwere obtained by slow evaporation of
a saturated DCM solution of 10 at room temperature in the fume
hood.

Yield: 32.0 mg (54.21 µmol, 88%) of a yellow powder.

1H-NMR (500.1 MHz, CD2Cl2): δ = 1.31 (s, 18H, C(CH3)3), 1.66 (s,
6H, C(CH3)2), 7.52 (d, 2H, 4JHH = 1.9 Hz, 1-H), 7.76 (d, 2H,
4JHH = 1.9 Hz, 3-H).

13C{1H}-NMR (125.8 MHz, CD2Cl2): δ = 25.19 (s, C(CH3)2),
31.40 (s, C(CH3)3), 35.06 (s, C(CH3)3), 43.68 (s, C(CH3)2), 98.43 (s,
Cq5), 122.13 (s, CH1), 134.52 (s, CH3), 135.51 (s, Cq4), 143.50 (s, Cq6),
151.96 (s, Cq2).

LIFDI-HRMS: Positive mode; calculated (%) for [C23H28I2S]
∙+,

m/z = 589.9996; Found:m/z = 589.9989 (100).

Elemental Analysis: Calculated (%) for C23H28I2S
(590.35 g/mol): C 46.80, H 4.78, S 5.43; Found: C 47.04, H
4.78, S 5.43.
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