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ABSTRACT: A series of cationic fluorotriarylbismuthonium salts bearing o
differently substituted aryl groups (Ar = 9,9-Me,-9H-xanthene, Ph, Mes, o\ Q @ @
and 3,5-tBu-C4H;) have been synthesized and characterized. While the Phph

presence of simple phenyl substituents around the Bi center results in a PR —BIF @
polymeric structure with three Bi centers in the repeating monomer, " "

substituents at the ortho- and meta-positions lead to cationic mono- and
dinuclear fluorobismuthonium complexes, respectively. Preparation of all
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compounds is accomplished by fluoride abstraction from the parent triaryl Bu ﬁ;u‘dﬂu o ® ’ Me
Bi(V) difluorides using NaBAr" (BAr'~ = B[C¢H;-3,5-(CF;),] ). I fbﬁj_ f"'e_/ B'""";,'EME e
Structural parameters were obtained via single crystal X-ray diffraction muq A, We M;eg
(XRD), and their behavior in solution was studied by NMR spectroscopy. el B T Nay e

tBu

Trinuclear and binuclear complexes are held together through one © Baf] © [Bar]

bridging fluoride (u-F) between two Bi(V) centers. In contrast, the

presence of Me groups in both ortho-positions of the aryl ring provides the adequate steric encumbrance to isolate a unique
mononuclear nonstabilized fluorotriarylbismuthonium cation. This compound features a distorted tetrahedral geometry and is
remarkably stable at room temperature both in solution (toluene, benzene and THF) and in the solid state.

H INTRODUCTION structure of [(2-MeO-5-BrC4H,);SbI]* with I;~ as counter-
anion.'’ Heavier cationic halotriarylbismuthonium salts have
been relatively less explored, and only few examples exist in the
literature."""> In 1989, Klapdtke reported a series of

The development of cationic halogenated organopnictogen(V)
compounds has witnessed a revival in recent years, due to their
application as Lewis acids in catalysis.' For example, the

pioneering work from Stephan on cationic fluorotriarylphos- hexafluoroarsenates of group 15 elements of the type
phonium complexes (e.g., [(C4Fs);PF]*[(CcFs),B]™) has [PhyPnl]* [AsFs]™ (Pn = P, As, Sb, and Bi). Although these
demonstrated their usefulness as Lewis acid catalysts for complexes were characterized by 'H NMR and IR spectros-
organlc synthesw} ﬁndlng apphcatlons in a wide Varlety of COpy,11 structural characterization by X—ray diffraction (XRD)
contexts (Figure 1A, (A) and (B)).” Related polycationic eluded experimentalists. In this work, the cationic iodotriphe-
monodentate as well as bidentate fluorophosphonium cations nylbismuthonium structure was reported to be thermally
have also been reported (Figure 1A, (C) and (D)) to find unstable, rapidly leading to decomposition. More than 30 years
applications in hydrodefluorination,” hydrosilylation of alkenes later, Hoge reported the reaction of Ph;BiF, with (C,F;);PF,
and alkyneS,4 Friedel—Crafts dimerization of 1,1- dlphenyl— resulting in a fluorotriphenylbismuthonium cation, which
ethylene,” dehydrocouphng, and deoxygenation of ketones.” forms a polymeric structure in the solid state, as characterized
Besides the rich chemistry of the fluorophosphonium cations, by XRD analysis (Figure 1B, (H)),12 Such long chains feature
heavier congeners of this family were also reported earlier with bridging y-F between Bi(V) centers, uniting the triarylbismu-
various halides; yet, their widespread applications are thonium cations in a polymeric linear disposition (F—Bi—F
comparatively more limited. For Sb analogues, Sowerby angles close to linearity [175.5(2)°]). It was also demonstrated

reported in 1983 the synthesis of chlorotnphenylstlbomum that replacing the Ph group in Ph;BiF, with 2-
cation bearing hexachloroantimonate as anion. Subsequently,

Gabbai capitalized on their strong Lewis acidity, and
applications of halotriarylstibonium cations as catalysts on
Friedel—Crafts dimerizations ensued.” In the same front,
Gabbai also isolated the chlorotrimesitylstibonium hexachlor- Received: March 16, 2022
oantimonate salt (Figure 1A, (E)) and a fluorotriphenylstibo- Published: May 9, 2022
nium cation (Figure 1A, (F)); interestingly, the latter

contained an OTf anion in the inner coordination sphere of

the antimony center. More recently, Adonin reported on the

[(dimethylamino)methyl]phenyl leads to isolation of a
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A. Group 15: high-valent halopnictonium cations
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Figure 1. (A) Representative examples of high-valent halopnictonium
cations. (B) Examples of fluorobismuthonium cations. (C) Examples
of intra- and intermolecular heavy Pn---F---Pn interactions. (D) This
work: Synthesis of high-valent fluorobismuthonium cations.

monomeric fluorobismuthonium cation (Figure 1B, (I)),
although its solid state structure was not provided. Regardless,
compound H is a seminal example of how the Lewis acidity of
the fluorotriarylbismuthonium(V) cation brings the lone pair
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of the F atom into the coordination sphere, leading to p-F
bridges.'”'” Other examples of fluoride-bridging compounds
can be found in the xanthene-based distiborane complex
reported by Gabbai (Figure 1C, (J)).'* In subsequent work,
the same research group demonstrated that changing the
ligand scaffold to a 1,8-triptycenediyl backbone bearing a
methine group supported the fluoride chelation by forming C—
H--F hydrogen bonding.'> Bi—F-Bi—F interactions can be
also found in neutral organobismuth complexes. Studies on the
synthesis of (C4Fs);BiF, by Seppelt resulted in a solid state
structure of (C4F);BiF,-2Bi(C¢F;);, formed by association of
a Bi(V) unit with two trigonal-pyramidal Bi(III) molecules
(Figure 1C, (K)).'® This situation highlights the high Lewis
acidity of Bi(Ill) bearing electron-withdrawing groups, to the
point that allows coordination of the F at the 6* C—Bi bonds.
Another example of such neutral halogen---Bi interactions can
be found in the study reported by Auer and Mehring in Bi(III)
complexes.'” In there, intermolecular donor—acceptor Bi—Cl-
Bi interactions of Bi—Cl were observed for Ar,BiCl (Ar = 3,5-
tBu,-C4Hj).

Our group has recently been interested in the chemistry of
organobismuth compounds, from the point of view of both
catalysis'® and structure.'” Due to the limited number of
triarylhalobismuthonium cations and the even more limited
structural information, we decided to fill this gap in the area by
preparing a family of novel cationic fluorotriarylbismuthonium
salts, whose structures were analyzed both in solution (NMR)
and in solid state (XRD). Variation of the substituents on the
aryl ring resulted in the isolation of tri-, di-, or mononuclear
fluorobismuthonium species. This systematic study culminated
with the preparation and isolation of a genuine fluorotriar-
ylbismuthonium cation, without hypervalent coordination or
additional stabilization (Figure 1D).

B RESULTS AND DISCUSSION

We have previously reported the synthesis of dibismuthanes
such as XantBis (4,5-bis(diphenylbismuthino)-9,9-dimethyl-
xanthene) (1) and its pentavalent tetrachlorinated bismuth-
(V)."” In order to investigate the behavior of the
corresponding fluorinated analog, oxidation of XantBis (1)
was attempted using XeF,. Gratifyingly, compound 2 was
formed exclusively and could be isolated in 95% yield (Scheme
1). Although single crystals were not formed, and therefore the
structure remains unknown, characterization of 2 was
conducted by NMR and HRMS. When 2 was treated with

Scheme 1. Synthesis of Cationic Fluorine-Bridged
XantBis(V) 3 and 4 with NaBAr" and AgSbF,

Me_  Me
XeF, (2.0 equiv.)
(o]
o Ph Ph
CH,Cl, 0°C,2h e B
PH Ph
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>
Me_ M
,\m@ CH,Cly, 23°C, 2h Caoe X
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1.0 or 2.0 equiv of NaBAr* (BAr*~ = B[C4H;-3,5-(CF;),],7),
one of the fluorine atoms was abstracted, leading to the
cationic dinuclear bismuthonium salt 3 in 96% isolated yield
(Scheme 1, path a). Interestingly, despite the use of 2 equiv of
NaBAr", only one fluorine is removed to form 2, suggesting a
high stability of the corresponding salt. Colorless single crystals
of compound 3 suitable for XRD analysis were obtained by
layering a concentrated dichloromethane solution of 3 with
hexane at +5 °C (Figure 2, top).

Figure 2. (Top) XRD structure of 3. Ellipsoids are drawn at the 50%
probability level, and H atoms, [BAr]~, and disordered parts are
omitted for clarity. Selected bond lengths (A) and angles (°): Bil—F1,
2.2699(15); Bil—F2, 2.1134(15); Bi2—F1, 2.2648(15); Bi2—F3,
2.1212(15); C16—Bil—C22, 147.70(9)°; C34—Bi2—C28,
143.14(11); Bi2—F1-Bil, 159.68(8). (Bottom) XRD structure of
the repeating monomeric unit 3. Intermolecular interactions between
single units are shown with dashed lines. Selected bond lengths (A)
and angles (°): Bil---F3, 2.6526(15); Bi2---F2, 2.7132(15); F1-Bil--
F3, 102.62(5); Bil—F2---Bi2, 111.86(6); F2—Bil---F3, 67.71(5); F3—
Bi2---F2, 66.38(5); F1—Bi2---F2, 108.08(5).

The XRD analysis reveals that complex 3 involves
intermolecular interactions leading to the formation of a one-
dimensional cationic coordination polymer (Figure 2, bottom).
This coordination network of the complex is based on the
intermolecular F—Bi---F—Bi interactions, which can be
observed in the Bil---F3 distances of 2.652(15) A and Bi2--
F2 of 2.713(15) A. Furthermore, it can be seen that the C16—
Bil-C22 (147.70(9)°) and C28-Bi2—C34 (143.14(11)°)
angles are widened compared to neutral Ph;BiF,,”’ allowing a
closer interaction between the terminal fluorine and the
bismuth atoms. Incorporating the intermolecular interaction,
the Bi atoms exhibit a distorted octahedral geometry (for
further details see the Supporting Information (SI), X-ray
Single Crystals Analysis section). However, when looking at
the single units of this polymer (Figure 2, top), each Bi atom
adopts a slightly distorted trigonal-bipyramidal geometry with
two fluoride ligands in the apical position and the aromatic

1756

rings in the equatorial position. More importantly, complex 3
teatures a fluorine atom bridging the two Bi atoms, reminiscent
of complex J reported by Gabbai (Figure 1C).'* The Bi—C
distances are in the range of those observed for neutral
Ph;BiF,.”" Terminal fluorine atoms exhibit a slightly shorter
bond length [Bil—F2, 2.1134(15) A; Bi2—F3, 2.1212(15) A]
compared to the distance between the bridging fluorine and Bi
atoms [Bil—F1, 2.2699(15) A; Bi2—F1, 2.2648(15) A). Based
on the close bond lengths of Bil—F1 and Bi2—F]1, the positive
charge is likely to be shared by both bismuth centers. A
deviation from the linearity can be observed for the Bil—F1—
Bi2 angle of 159.68(8)°. The bridging and terminal fluorides
can be clearly observed in the "’F NMR spectrum as a triplet at
—105.36 ppm and a doublet at —156.04 ppm with *J;_p = 98.2
Hz and *Jz_p = 98.0 Hz coupling constants, respectively.

In order to study the influence of the anion, we carried out
the fluoride abstraction with silver hexafluoroantimonate
(AgSbF4) (Scheme 1, path b), leading to a 93% yield of 4.
Colorless single crystals suitable for X-ray diffraction were
obtained upon diffusion of hexane into a dichloromethane
solution of 4. This compound exhibits a similar polymeric
structure as the cationic complex 3, albeit with some
interesting differences in the single units (Figure 3). While
the Bi—C and Bi—F distances and C—Bi—C, F—Bi—F, and
Bil—F1—Bi2 angles are practically identical, differences in the
geometry of the xanthene backbone are noticeable. In

Figure 3. (Top) XRD structure of 4. Ellipsoids are drawn at the 50%
probability level, and H atoms, [SbF4]~, and disordered parts are
omitted for clarity. Selected bond lengths (A) and angles (°): Bil—F1,
2.2715(14); Bil—F2, 2.1186(14); Bi2—F1, 2.2996(14); Bi2—F3,
2.1158(14); F2—Bil—F1, 169.68(6); C16A—Bil—C22A, 148.2(2);
F3—Bi2—F1, 172.48(5); C34A—Bi2—C28, 141.1(2); Bil—F1-Bi2,
158.12(7). (Bottom) XRD structure of the repeating monomeric unit
4. Intermolecular interactions between single units are shown with
dashed bonds. Selected bond lengths (A) and angles (°): Bil--F2,
2.6735(15); Bi2--F3, 2.6613(14); F2—Bil--F2, 66.76(6); F1—Bil--
F2, 103.16(5); F1—Bi2---F3, 108.06(5); F3—Bi2---F3, 64.60(6).
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compound 3, the xanthene backbone adopts a strong bent
geometry (Ar—C—Ar, 135.89°), while the three rings in
structure 4 are disposed in a nearly planar geometry (Ar—C—
Ar, 165.63°).

In both 3 and 4, the F abstraction using NaBAr" and AgSbFj
has led to F-bridged intramolecular connections. However,
with the precedents from Seppelt and Hoge,'”'® we
hypothesized that such behavior could also be observed in
an intermolecular fashion. In order to have a broader spectrum
beyond the simple unsubstituted difluorotriphenylbismuth (8),
aryls substituted with tBu- and Me-substituents have also been
synthesized. Based on literature described protocols for the
syntheses of complexes 6 and 7,'”*' the respective bismuth-
(IIT) species were obtained as colorless solids in 60% and 45%
yield, respectively (Scheme 2). At this point, the corresponding

Scheme 2. Synthesis of Triarylbismuthdifluorides 8-10
F

|
Ar—Bi:

Ar—Bi . XeF, WwAr
'Ar . CHClp Ar
Ar (1.1 equiv.) 2h,0°C .
5, Ar= Ph 8, Ar= Ph
6, Ar = 3,5-tBuyPh 9, Ar = 3,5-tBuyPh
7, Ar = Mes 10, Ar = Mes

tBu

triarylbismuth(V) difluoride analogs were obtained using XeF,,
obtaining high yields of 8—10 (Scheme 2). Whereas 8 and 10
are known, 9 represents a novel triarylbismuthdifluoride
compound. Colorless single crystals suitable for X-ray
crystallography of 9 and 10 were isolated upon crystallization
from diffusion of hexane into a solution of the complex in
CH,Cl, at ambient temperature (Figures 4 and $).

The Bi center in complexes 8—10 adopts a trigonal
bipyramidal geometry with fluorides in the apical positions.
In the case of novel complex 9, the distances of Bi—F are
similar to those in 8:*° [Bil—F1, 2.129(3) A] (Figure S). As a
result of steric hindrance and C—(ortho)H:--F hydrogen

Figure 4. XRD structure of 9. Ellipsoids are drawn at the 50%
probability level, and H atoms and disordered parts are omitted for
clarity. Selected bond lengths (A) and angles (°): Bil—F1, 2.129(3);
Bil—Cl, 2.209(5); Bil—C18, 2.192(8); F1*—Bil—F1, 179.1(2).
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Figure 5. XRD structure of 10. Ellipsoids are drawn at the 50%
probability level, and H atoms are omitted for clarity. Selected bond
lengths (A) and angles (°): Bil—F1, 2.1222(10); Bil—Cl,
2.2144(14); Bil—C10, 2.2141(18); F1-Bil—F1%, 179.00(5).

interactions, the tBu groups in the meta-position are in the
plane delineated by the quasi-linear F1—Bi—F1 axis [F1—Bi—
F1%*, 179.1(2)°]. The Bi—C bonds of Bi complex 9 are similar
to 8 and only slightly shorter to compared to 6 [Bil—Cl,
2.27(2) A)."”” Complex 9 shows a singlet at —160.92 ppm in
the 'F NMR spectrum, similar to that of 8. This suggests that
in 9, the tBu groups exert no significant electronic influence on
the F atoms.

Whereas attempts to synthesize triarylbismuth(III) bearing
tBu groups at the ortho-position failed, a decrease in steric
demand was envisaged. Hence, trimesitylbismuthine (7),”'
bearing methyl groups in the ortho- and para-positions, was
synthesized instead (Figure 4). Oxidation of 7 with XeF,
smoothly afforded complex 10 in 97% yield, whose structure
was confirmed by XRD analysis. The molecular structure
exhibits the classic trigonal bipyramidal geometry around the
bismuth atom with nearly identical structural parameters as
those for tris(3,5-di-tert-butylphenyl)bismuthdifluoride (9).
The F1-Bi—F1* angle of 179.00(5)° deviates slightly from
linearity. Comparing trimesitylbismuthdifluoride with its
lighter isostructural :malogs,g’22 it can be observed that all
complexes crystallize in the monoclinic space group C2/c.
However, a slight trend can be observed. The solid state
structure of compound 10 reveals a Bi—F bond distance of
2.1222(10) A, which is longer than the reported Sb and P
analogues (Sb—F, 1.982(1) A;* P—F, 1.673(2) A).”> The "F
NMR spectrum of 10 shows a singlet at a higher chemical shift
(—100.41 ppm) compared to 8 and 9, presumably due to the
influence of the methyl group in the ortho-position.
Considering the (ortho-Me)H--F distance (2.329, 2.338, and
2.375 A) of complex 10, it may be assumed that the interaction
between H and F is contributing to the increase in the
chemical shift compared to those of complexes 8 [(Ph)ortho-
H--F1,2.418 A]"” and 9 [(Ar)ortho-H---F1, 2.405 A; (tBu)H--
F1, 3981 A], in which the H-F distances are longer.
Interestingly, whereas the same chemical shift can also be
observed for the fluorine atoms in the lighter Mes;SbF,,” the
signal for Mes;PF, appears at —25.7 ppm.”*

Treating Ph,BiF, with 1.0 or 0.5 equiv of NaBAr" in CH,Cl,
at 25 °C resulted in clear '’F NMR spectra of the crude: a
triplet at —123.01 ppm (¥ = 91.0 Hz) and a doublet at

https://doi.org/10.1021/acs.organomet.2c00135
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—162.01 ppm (¥Jp_y = 88.9 Hz) in addition to the [BAr"]~
signal at —62.87 ppm (Scheme 3).”

Scheme 3. Synthesis of Fluorobismuthonium Cations 11—
13
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The chemical shifts and the pattern observed resembled
those obtained for complexes 3 and 4, suggesting the
possibility of having an intermolecular dinuclear bismuth
cation, bridged in an intermolecular fashion through one F
atom (vide infra). Crystallization of the compound from the
reaction mixture resulted in the isolation of a 1D coordination
polymer, which is assembled via intermolecular Bi---F
interactions of single cationic trinuclear bismuth units such
as complex 11 (Figure 6, top).

This monomeric unit represents a dicationic bismuthonium
salt with three BiPh; moieties united through two consecutive
biconnective fluoride ligands and two BAr" moieties as
counteranions. The central bismuth atom in 11 adopts a
trigonal-bipyramidal geometry with two fluoride ligands in the
apical positions and the phenyl rings in the equatorial. The Bi—
F bonds in 11 show lengths of Bi2—F2, 2.187(2) A, and Bi2—
F3, 2.173(2) A, which are shorter compared to the polymeric
structure reported by Hoge et al. [Bi—F1, 2.267(6) A] and to
Ph;BiF, [Bi—F, 2.59 A].'”>*° With respect to the central
Ph;BiF, subunit, the terminal Bi—F bonds are significantly
shorter with Bi2—F2 of 2.078(2) A and Bil—F1 of 2.068(2) A,
respectively. Such distances manifest that the dicationic
character of 11 is located at the terminal Ph;BiF moieties,
while the central Ph;BiF, unit remains rather neutral. The
cationic FBiPh; moieties are also evident by the longer bond
lengths between the terminal Bi atoms and the bridging
fluorine atoms [Bil—F2, 2.376(2) A; Bi3—F3, 2.329(19) A].
The F2—Bi2—F3 angle of 179.44(9)° of the central Ph;BiF,
moiety deviates slightly from linearity, whereas the F1—Bil—
F2 angle of 178.50(8)° and F3—Bi3—F4 of 177.35(8)° of the
Ph;BiF moieities are slightly more distorted. The angles of the
bismuth atoms bridged by fluorine can be described by Bil—
F2—Bi2 of 175.11(12)° and Bi2—F3—Bi3 of 171.72(11)° as
slightly bent. In the analysis of the entire polymer (Figure 6,
bottom), the terminal bismuth atoms Bil and Bi2 adopt a
distorted octahedral geometry, while the central Bi adopts a
trigonal-bipyramidal geometry as depicted in Figure 6.
Complex 11 shows similar features in C—Bi—C angles and
in intermolecular Bi—F distances in comparison with the
polymeric structures 3 and 4. However, the intermolecular Bi---
F bond distances between the single units are longer [Bil—F4,
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Figure 6. (Top) XRD structure of 11. Ellipsoids are drawn at the 50%
probability level, and H atoms and the counteranion BArF are omitted
for clarity. Intermolecular interactions between single trinuclear units
are shown with dashed bonds. Selected bond lengths (A) and angles
(°): Bil—F1, 2.078(2); Bil—F2, 2.376(2); Bil---F4, 2.796 (2); Bi2—
F2, 2.187(2); Bi2—F3, 2.173(2); Bi3—F3, 2.329(19); Bi3—F4,
2.068(2); Bi3--Fl1, 2.855(2); F1-Bil—F2, 178.50(8); F3—Bi2—F2,
179.44(9); F4—Bi3—F3, 177.35(8); C37-Bi3—C43, 106.62(13);
C49-Bi3—C43, 115.18(14); Bi2—F3—Bi3, 171.72(11); Bi2—F2—
Bil, 175.11(12). (Bottom) Polyhedral representation of the Bi atoms
in complex 11. H atoms, disordered parts, and BAr® are omitted for
clarity.

2.796(2) A; Bi3—F1, 2.855(2) A] than in complexes 3 and 4,
indicating that the intermolecular interactions are weaker.
Reaction of 8 using either 0.5 or 1 equiv of NaBAr" led to
the isolation of the same compound 11 (Scheme 3). These
results evidence that the same cationic species are formed in
both solution and solid state regardless of the amount of F
scavenger, and higher amounts of halide scavenger do not lead
to further fluoride abstraction. As depicted in Scheme 4, we

Scheme 4. Proposed Behavior of Complex 11 in Solution
and Solid State
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Ph Ph oppn Ph Ph Ph
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hypothesized that after abstraction of 0.5 equiv of F atoms
from neutral 8, half of the complex is converted into cationic
species 14, which engages with the remaining neutral 8,
resulting in the formation of the dinuclear cationic 18.
Compound 15 was the sole product identified in the CD,Cl,
solution, as confirmed by NMR and HRMS. However, during
crystallization, dinuclear monocation 15 undergoes equilibra-
tion, leading to the formation of 11 and 8. Differently than
Hoge’s polymeric structure (Figure 1B, (H)), formation of 11
represents a distinct structural outcome for a seemingly similar
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fluorotriphenylbismuthonium cation by simply modifying the
solvent and the anion.

When the F abstraction is carried out with complex 9, a
completely different behavior is observed. Treatment of
compound 9 with either 1.0 or 0.5 equiv of NaBAr® in
CH,ClI, resulted in the formation of cationic dimer 12 in 93%
isolated yield (Scheme 3). Here, the structure in the solid state
coincides with the structure in solution, and no dicationic
trinuclear structures were observed. Furthermore, the solid
state analysis indicates no intermolecular F—Bi---F—Bi
interactions between single units, resulting in a discrete
dimeric structure in solid state. Presumably, the presence of
the tBu groups in the meta-position prevents their formation,
stabilizing the dication in solid state through London
dispersion forces (LDFs).”* The symmetric F—Bi—F—Bi—F
arrangement is evident by its characteristic signals in '’F NMR.
The two terminal fluorine ligands appear as a sharp doublet
signal at —162.06 ppm with a *J;_p = 102.9 Hz, similar to that
obtained for 3, 4, and 11. The bridging fluorine atom can be
observed as a triplet peak at —152.78 ppm in the ’F NMR.

Solid state analysis of 12 reveals that each Bi center adopts a
trigonal-bipyramidal geometry with two fluorides trans to each
other in apical positions and aromatic rings in equatorial
positions (Figure 7 , top). As already identified by NMR,
fluoride ligand bridging two Bi centers is observed. The Bil—

F1-B1* angle is 180.00°. Analogously, the bond length
between the terminal fluoride ligands and the Bi centers is
shorter in comparison to the bridging fluorine atom. Based on
the bond length of Bil—F1 [2.282(3) A], the positive charge is
distributed to both bismuth atoms, in a similar manner as in 3
and 4. By locating tBu substituents in the meta-position, a
perpendicular orientation of the aryl groups to the F—Bi—F
axis can be observed. This arrangement has already been seen
in the neutral parent compound 9. As a result of the
dimerization and the fBu groups, complex 12 appears in a
staggered conformation along the F—Bi—F axis, unlike the
unsubstituted complex 11. Owing to the steric repulsion of the
tBu groups, this conformation forms a snowflake-like structure
(Figure 7, bottom).

Up until now, F abstraction on monomeric triarylbismuthdi-
fluorides has led to isolation of di- or trinuclear cationic
species. Based on the precedent from Gabbai on the isolation
of [Mes;SbCI]*[SbCls]~ as a monomeric species,” we
speculated that probably, the ortho-Me would exert a similar
effect on the Bi, enabling the isolation of a monomeric
fluorotriarylbismuthonium cation. To this end, we subjected
Mes;BiF, (10) to 1.0 equiv of NaBAr. This time, monomeric
complex 13 was isolated in 92% as an off white solid (Scheme
3). The structure of 13 was characterized by both NMR and
single crystal X-ray diffraction (Figure 8).

Figure 7. (Top) XRD structure of 12. Ellipsoids are drawn at the 50%
probability level, and H atoms and the counteranion BArF are omitted
for clarity. Selected bond lengths (A) and angels (°): Bil—Fl,
2.2820(3); Bil—F2, 2.0565(19); F2—Bil—Fl, 179.31(5); Bil—F1—
Bil*, 180.00. (Bottom) View of the structure along the F—Bi—F—Bi—
F axis.
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Figure 8. XRD structure of 13. Ellipsoids are drawn at the 50%
probability level, and H atoms and the counteranion BAr are omitted
for clarity. Selected bond lengths (A) and angels (°): Bil—Fl,
2.009(5); Bil—C1, 2.222(8); Bil—C10, 2.223(8); Bil—Cl109,
2.213(7); Bil—F1, 2.009(5).

The XRD analysis reveals that the Bi atom adopts a
pseudotetrahedral geometry. The Bi—F bond distance of
2.009(5) A is consistent with the distances between the
terminal fluorine atoms and the bismuth center of compounds
11 and 12 [Bil—FI, 2.078(2) A; Bil—F2, 2.056(2) A], which
highlights the cationic nature of this structure. While the Bi—F
bond lengths are only slightly shorter compared to the neutral
parent compound 10 [Bil—F1, 2.122(3) A; Bil—FI¥%,
2.122(2) A)], an increase in the (ortho-Me)H--F bond
distances can be noticed [(ortho-Me)H:--F1, 2.400 A; (ortho-
Me)H-F1, 2.549 A; (ortho-Me)H--F1, 2.634 A], considering
the ortho-Me substituents, which are oriented parallel to the
fluorine. As a result of the elongation and the reduced H---F
electron interaction, a singlet signal can be observed at
—177.11 ppm in CDCl;, CD,Cl,, and toluene-d. Interestingly,
by using CD;CN as solvent, the singlet appears at —148 ppm,
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probably due to possible coordination of the solvent. However,
the singlet signal in both '’F NMR and XRD analyses indicates
that no polymeric chain or further interactions with another Bi
complex are formed (see the SI for details, X-ray Single Crystal
Analysis section). The use of Me groups in the ortho- and para-
positions gives the structure a high steric demand compared to
complexes 11 and 12. In contrast to compound 12, in which
the aryl groups bearing tBu substituents in the meta-position
are arranged perpendicular to the F—Bi—F axis, the mesityl
ligands exhibit an oblique orientation to the Bi—F bond. This
described propeller-like orientation leads to the prevention of
further polymerization. As already indicated, the peculiarity of
this structure results from its steric congestion, unlike base
stabilization. However, comparison of the monomeric cationic
Bi species 13 with its lighter analogs, such as [Mes;PF][FB-
(C4F5);]* and [Mes,SbE][OTf],” reveals an increase in the
Pn—F bond length as the pnictogen becomes heavier [P—F,
1.561(1) A; Sb—F, 1.948(7) A]. An interesting observation to
note is that the Bi—F bond is only slightly longer than the Sb—
F bond [Bil—FI, 2.009(5) A; Sb—F, 1.947(2) A]. However,
this result must be treated with caution since OTTf as anion is
weakly coordinated to the antimony center and consequently
noninnocent. Unfortunately, a comparison cannot be made
with the arsenic analog, as this structure is not yet known in
the literature. Furthermore, the monomeric Bi(V) cation 13
cannot be compared with the monomeric fluorobismuthonium
salt reported by Hoge et al,'* since no single crystal structure
has been reported. However, when comparing complex 13
with the single unit of the polymeric bismuthonium cation
reported by Hoge, differences in the Bi—C and Bi—F bond
lengths can be observed. Whereas the Bi—C bond distances of
the polymeric structure by Hoge are shorter [Bi—C, 2.178(3)
A and 2.172(0) A], the Bi—F bond lengths are elongated [Bi—
F, 2.267(3) A] and even longer than the Bi—F distances in the
triarylbismuthdifluoride complexes 9 and 10 (for further
details see the SI, X-ray Single Crystal Analysis section).

B CONCLUSION

In summary, a series of mono-, di-, and trinuclear
fluorobismuthonium cations 11—13 were synthesized and
fully characterized. In the trinuclear and dinuclear complexes,
u-F bridges are observed connecting two different Bi(V) atoms
and holding the complex together in the solid state. In the case
of the polymeric structure 13, consisting of trinuclear bismuth
units, we observed a dinuclear species in solution. By
introducing steric tBu groups in the meta-position, trimeriza-
tion could be prevented and a snowflake-like dinuclear
structure was obtained, which exhibits the same pattern both
in solution and in the solid state. By further fine-tuning the
ligand scaffold, the presence of Me groups in both ortho-
positions of the aryl led to the isolation of a mononuclear
fluorotriarylbismuthonium cation that is not stabilized by the
introduction of additional electronic effects. With this unique
mononuclear fluorotrimesitylbismuthonium cation, we provide
a fundamental contribution to the spectrum of halopnictonium
cations. Overall, these results represent a step forward in
understanding the subtle differences between solid state and in
solution analysis of high-valent arylbismuth—fluoride com-
plexes. The study presented here sheds light onto the influence
of substituents on the aryl groups in speciation of the
complexes. This structural study serves as a roadmap for
catalyst design and is essential for the efficient development of
catalytic C—F bond formation strategies."*"

1760

B ASSOCIATED CONTENT

© Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.organomet.2c00135.

Experimental procedures and analytical data ('H, 'F,
and *C NMR and HRMS) for new compounds (PDF)

Accession Codes

CCDC 2154888—2154894 contain the supplementary crys-
tallographic data for this paper. These data can be obtained
free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by
emailing data_request@ccdc.cam.ac.uk, or by contacting The
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

B AUTHOR INFORMATION

Corresponding Author
Josep Cornella — Max-Planck-Institut fiir Kohlenforschung,
Miilheim an der Ruhr 45470, Germany; ® orcid.org/0000-
0003-4152-7098; Email: cornella@kofo.mpg.de

Authors

Jennifer Kuziola — Max-Planck-Institut fir Kohlenforschung,
Miilheim an der Ruhr 45470, Germany

Marc Magre — Max-Planck-Institut fiir Kohlenforschung,
Miilheim an der Ruhr 45470, Germany; ® orcid.org/0000-
0002-5950-4129

Nils Nothling — Max-Planck-Institut fiir Kohlenforschung,
Miilheim an der Ruhr 45470, Germany; ® orcid.org/0000-
0001-9709-8187

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.organomet.2c00135

Funding

Financial support for this work was provided by Max-Planck-
Gesellschaft, Max-Planck-Institut fir Kohlenforschung, and
Fonds der Chemischen Industrie (FCI-VCI). This project has
received funding from European Union’s Horizon 2020
research and innovation program under Agreement No.
850496 (ERC Starting Grant, J.C.). Open access funded by
Max Planck Society.

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We thank A. Fiirstner for insightful discussions and generous
support. We thank the MS, NMR, and X-ray departments of
Max-Planck-Institut fiir Kohlenforschung for analytic support.
We thank R. Goddard for X-ray crystallographic discussions.

B REFERENCES

(1) (a) Matano, Y.; Suzuki, H. A New Aspect of Organobismuth
Chemistry: Synthesis, Properties, and Reactions of Bismuthonium
Compounds. Bull. Chem. Soc. Jpn. 1996, 69, 2673—2681. (b) Matano,
Y,; Begum, S. A,; Miyamatsu, T.; Suzuki, H. A New and Efficient
Method for the Preparation of Bismuthonium and Telluronium Salts
Using Aryl- and Alkenylboronic Acids. First Observation of the
Chirality at Bismuth in an Asymmetrical Bismuthonium Salt.
Organometallics 1998, 17, 4332—4334. (c) Werner, T. Phosphonium
Salt Organocatalysis. Adv. Synth. Catal. 2009, 351, 1469—1481.
(d) Wade, C. R;; Ke, L. S.; Gabbai, F. P. Sensing of Aqueous Fluoride
Anijons by Cationic Stibine—Palladium Complexes. Angew. Chem.
2012, 124, 493—496. (e) Pan, B.; Gabbai, F. P. [Sb(C4F;),][B-

https://doi.org/10.1021/acs.organomet.2c00135
Organometallics 2022, 41, 1754—1762


https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.2c00135/suppl_file/om2c00135_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.2c00135/suppl_file/om2c00135_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.2c00135?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.2c00135/suppl_file/om2c00135_si_001.pdf
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2154888&id=doi:10.1021/acs.organomet.2c00135
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2154894&id=doi:10.1021/acs.organomet.2c00135
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Josep+Cornella"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-4152-7098
https://orcid.org/0000-0003-4152-7098
mailto:cornella@kofo.mpg.de
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jennifer+Kuziola"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Marc+Magre"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-5950-4129
https://orcid.org/0000-0002-5950-4129
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nils+No%CC%88thling"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-9709-8187
https://orcid.org/0000-0001-9709-8187
https://pubs.acs.org/doi/10.1021/acs.organomet.2c00135?ref=pdf
https://doi.org/10.1246/bcsj.69.2673
https://doi.org/10.1246/bcsj.69.2673
https://doi.org/10.1246/bcsj.69.2673
https://doi.org/10.1021/om9804531?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om9804531?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om9804531?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om9804531?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/adsc.200900211
https://doi.org/10.1002/adsc.200900211
https://doi.org/10.1002/ange.201106242
https://doi.org/10.1002/ange.201106242
https://doi.org/10.1021/ja505214m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/Organometallics?ref=pdf
https://doi.org/10.1021/acs.organomet.2c00135?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Organometallics

pubs.acs.org/Organometallics

Communication

(CgFs)4]: An Air Stable, Lewis Acidic Stibonium Salt That Activates
Strong Element-Fluorine Bonds. J. Am. Chem. Soc. 2014, 136, 9564—
9567. (f) Holthausen, M. H.; Bayne, J. M.; Mallov, L; Dobrovetsky,
R; Stephan, D. S. 1,2-Diphosphonium Dication: A Strong P-Based
Lewis Acid in Frustrated Lewis Pair (FLP)-Activations of B—H, Si—
H, C—H, and H—H Bonds. . Am. Chem. Soc. 2015, 137, 7298—7301.
(g) Hirai, M.; Myahkostupov, M.; Castellano, F. N.; Gabbay, F. P. 1-
Pyrenyl- and 3-Perylenyl-antimony(V) Derivatives for the Fluores-
cence Turn-On Sensing of Fluoride Ions in Water at Sub-ppm
Concentrations. Organometallics 2016, 35, 1854—1860. (h) Stephan,
D. S. A Tale of Two Elements: The Lewis Acidity/Basicity Umpolung
of Boron and Phosphorus. Angew. Chem., Int. Ed. 2017, 56, 5984—
5992. (i) Le Roch, A.; Dansereau, J.; Gagnon, A. Organobismuth
Reagents: Synthesis, Properties and Applications in Organic Syn-
thesis. Synthesis 2017, 49 (08), 1707—174S. (j) Park, G.; Brock, D. J;
Pellois, J.-P.; Gabbai, F. P. Heavy Pnictogenium Cations as
Transmembrane Anion Transporters in Vesicles and Erythrocytes.
Chem. 2019, S, 2215—2227. (k) Yang, M.; Hirai, M.; Gabbai, F. P.
Phosphonium—stibonium and bis-stibonium cations as pnictogen-
bonding catalysts for the transfer hydrogenation of quinolines. Dalton
Trans. 2019, 48, 6685—6689. (1) Gilhula, J. C.; Radosevich, A. T.
Tetragonal phosphorus(V) cations as tunable and robust catalytic
Lewis acids. Chem. Sci. 2019, 10, 7177—7182. (m) Zhang, J.; Wei, J.;
Ding, W.-Y,; Li, S.; Xiang, S.-H.; Tan, B. Asymmetric Pnictogen-
Bonding Catalysis: Transfer Hydrogenation by a Chiral Antimony(V)
Cation/Anion Pairis. J. Am. Chem. Soc. 2021, 143, 6382—6387.

(2) (a) Caputo, C. B.; Hounjet, L. J.; Dobrovetsky, R.; Stephan, D.
W. Lewis Acidity of Organofluorophosphonium Salts: Hydro-
defluorination by a Saturated Acceptor. Science 2013, 341, 1374—
1377. (b) Pérez, M.; Hounjet, L. J.; Caputo, C. B.; Dobrovetsky, R.;
Stephan, D. W. Olefin Isomerization and Hydrosilylation Catalysis by
Lewis Acidic Organofluorophosphonium Salts. J. Am. Chem. Soc.
2013, 135, 18308—18310. (c) Hounjet, L. J.; Caputo, C. B.; Stephan,
D. W. The Lewis acidity of fluorophosphonium salts: access to mixed
valent phosphorus(III)/(V) species. Dalton Trans. 2013, 42, 2629—
2635. (d) Mehta, M.; Holthausen, M. H.; Mallov, L; Pérez, M.; Qu,
Z.-W.; Grimme, S.; Stephan, D. W. Catalytic Ketone Hydro-
deoxygenation Mediated by Highly Electrophilic Phosphonium
Cations. Angew. Chem., Int. Ed. 2015, 54, 8250—8254. (e) Pérez,
M.; Mahdi, T,; Hounjet, L. J; Stephan, D. W. Electrophilic
phosphonium cations catalyze hydroarylation and hydrothiolation of
olefins. Chem. Commun. 2015, 51, 11301—11304. (f) Pérez, M.; Qu,
Z.-W.; Caputo, C. B,; Podgorny, V.; Hounjet, L. J; Hansen, A;
Dobrovetsky, R.; Grimme, S.; Stephan, D. W. Hydrosilylation of
Ketones, Imines and Nitriles Catalysed by Electrophilic Phosphonium
Cations: Functional Group Selectivity and Mechanistic Consider-
ations. Chem.—Eur. ]. 2015, 21, 6491—6500. (g) Mehta, M.; Garcia
de la Arada, L; Pérez, M.; Porwal, D.; Oestreich, M.; Stephan, D. W.
Metal-Free Phosphine Oxide Reductions Catalyzed by B(C4F;); and
Electrophilic Fluorophosphonium Cations. Organometallics 2016, 38,
1030—1035S.

(3) Holthausen, M. H.; Hiranandani, R. R.; Stephan, D. W.
Electrophilic bis-fluorophosphonium dications: Lewis acid catalysts
from diphosphines. Chem. Sci. 2015, 6, 2016—2021.

(4) Holthausen, M. H.; Mehta, M.; Stephan, D. W. The Highly
Lewis Acidic Dicationic Phosphonium Salt: [(SIMes)PFPh,][B-
(C¢Fs) 4y Angew. Chem. 2014, 126, 6656—6659.

(5) Bayne, J. M.; Holthausen, M. H.; Stephan, D. W. Pyridinium—
phosphonium dications: highly electrophilic phosphorus-based Lewis
acid catalysts. Dalton Trans. 2016, 45, 5949—5957.

(6) Postle, S.; Podgorny, V.; Stephan, D. W. Electrophilic
phosphonium cations (EPCs) with perchlorinated-aryl substituents:
towards air-stable phosphorus-based Lewis acid catalysts. Dalton
Trans. 2016, 45, 14651.

(7) Mallov, 1; Stephan, D. W. Ferrocenyl-derived electrophilic
phosphonium cations (EPCs) as Lewis acid catalysts. Dalton Trans.
2016, 45, 5568—5574.

(8) Hall, M.; Sowerby, D. B. Donor Properties of Triphenylanti-
mony Dihalides: Preparation and Crystal Structures of Ph,SbCI,*Sb-

1761

CI, and [Ph;SbCI][SbCl¢]. J. Chem. Soc.,, Dalton Trans. 1983, 1095—
1099.

(9) Yang, M.; Gabbai, F. P. Synthesis and Properties of
Triarylhalostibonium Cations. Inorg. Chem. 2017, 56, 8644—8650.

(10) Sharutin, V. V.; Sharutina, O. K.; Novikov, A. S.; Adonin, S. A.
Substituent-dependent reactivity of triarylantimony(iii) toward IL,:
isolation of [Ar;SbI]* salt. Heravi, M. M.; Hajiabbasi. New. J. Chem.
2020, 44 (34), 14339—14342.

(11) Klapétke, T.-O. Synthese und spektroskopische Charakterisier-
ung ionischer Triphenyliodopniktogenhexafluoroarsenate des Typs
[(C¢H)EI]* [AsFs]™ (E = P, As, Sb, Bi); bakterizide Aktivitit von
[(Ce¢Hs)Bil]* [AsF6]™. J. Orgonomet. Chem. 1989, 379, 251—257.

(12) Solyntjes, S.;; Neumann, B.; Stammler, H. G.; Ignat'ev, N,;
Hoge, B. Difluorotriorganylphosphoranes for the Synthesis of
Fluorophosphonium and Bismuthonium Salts. Eur. J. Inorg. Chem.
2016, 25, 3999—4010.

(13) (a) Roesky, H. W.; Haiduc, 1. Fluorine as a structure-directing
element in organometallic fluorides: discrete molecules, supra-
molecular self-assembly and host—guest complexation. J. Chem. Soc,
Dalton Trans. 1999, 2249—2264. (b) Bone, S. P.; Begley, M. J;
Sowerby, B. Phenylantimony(V) Fluoride Halides: Isolation and
Crytsal Structures of SbPh,Br,F SbPh,Br,, (SbPh,Br),0 and
SbPh;Cl, sFy,. J. Chem. Soc, Dalton Trans. 1992, 2085—2091.
(c) Tudela, D.; Gutierrez-Puebla, E.; Monge, A. Crystal Structure
of triphenyltin Fluoride. J. Chem. Soc., Dalton Trans. 1992, 1, 1069—
1071. (d) Dakternieks, D.; Jurkschat, K.; Zhu, H. Bis-
(halodiphenylstannyl)alkanes as Bidentate Lewis Acids toward Halide
Ions. Organometallics 1995, 14, 2512—2521. (e) Yang, Y.; Pinkas, J;
Schifer, M.; Roesky, H. W. Ein molekulares Modell fiir
Alumophosphate mit Fluorid als strukturdirigierendem und miner-
alisierendem Agens. Angew. Chem. 1998, 110, 2795-2798.
(f) Schnitter, C.; Klimek, K; Albers, T.; Schmidt, H.-G.; Répken,
C.; Parisini, E.; Roesky, H. W. Synthesis and Characterization of
Tris(trimethylsilyl)methyl Halide Derivatives of Aluminium: Potential
Precursors for Low-Valent Aluminum Compounds. Crystal Structures
of [{(Me;Si);CAIF,};], [Me,Si);CAIX, THF] (X = Cl, Br, I), and
[{(THF),K(Me;Si);CAIF,(u-F)F,AlC(SiMe;);},]. Organometallics
1998, 17, 2249—2257.

(14) Hirai, M.; Gabbai, F. P. Squeezing Fluoride out of Water with a
Neutral Bidentate Antimony(V) Lewis Acid. Angew. Chem. 2015, 127,
1221-1228.

(15) Gabbai, F. P. Fluoride Anion Complexation by a Triptycene-
Based Distiborane: Taking Advantage of a Weak but Observable C—
H---F Interaction. Angew. Chem., Int. Ed. 2017, 56, 1799—1804;
Fluoride Anion Complexation by a Triptycene-Based Distiborane:
Taking Advantage of a Weak but Observable C—H:--F Interaction.
Angew. Chem. 2017, 129, 1825—1830.

(16) Schmuck, A.; Seppelt, K. Strukturen von Pentaarylbismut-
Verbindungen. Chem.Ber. 1990, 123, 761.

(17) Preda, A. M.; Krasowska, M.; Wrobel, L.; Kitschke, P.;
Andrews, P. C.; MacLellan, J. G.; Mertens, L.; Korb, M.; Ruffer, T.;
Lang, H.; Auer, A. A,; Mehring, M. Evaluation of dispersion type
metal---pi arene interaction in arylbismuth compounds - an
experimental and theoretical study. Beilstein J. Org. Chem. 2018, 14,
2125-2148S.

(18) (a) Wang, F.; Planas, O.; Cornella, J. Bi(I)-catalyzed Transfer-
Hydrogenation with Ammonia Borane. J. Am. Chem. Soc. 2019, 141,
4235—4240. (b) Planas, O.; Wang, F.; Leutzsch, M.; Cornella, J.
Fluorination of Arylboronic Esters Enabled by Bismuth Redox
Catalysis. Science 2020, 367, 313—317. (c) Planas, O.; Peciukenas,
V.; Cornella, J. Bismuth-Catalyzed Oxidative Coupling of Arylboronic
Acids wih Triflate and Nonaflate Salts. J. Am. Chem. Soc. 2020, 142,
11382—11387. (d) Pang, Y.; Leutzsch, M.; Néthling, N.; Cornella, J.
Catalytic Activation of N,O at a Low-Valent Bismuth Redox
Platzform. J. Am. Chem. Soc. 2020, 142, 19473—19479. (e) Pang,
Y.; Leutzsch, M.; Nothling, N.; Katzenburg, F.; Cornella, J. Catalytic
Hydrodefluorination via Oxidative Addition, Ligand Metathesis, and
Reductive Elimination at Bi(I)/Bi(IIl) Centers. J. Am. Chem. Soc.
2021, 143, 12487—12493. (f) Magre, M.; Cornella, J. Redox-Neutral

https://doi.org/10.1021/acs.organomet.2c00135
Organometallics 2022, 41, 1754—1762


https://doi.org/10.1021/ja505214m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja505214m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5b04109?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5b04109?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5b04109?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.6b00233?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.6b00233?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.6b00233?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.6b00233?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201700721
https://doi.org/10.1002/anie.201700721
https://doi.org/10.1055/s-0036-1589482
https://doi.org/10.1055/s-0036-1589482
https://doi.org/10.1055/s-0036-1589482
https://doi.org/10.1016/j.chempr.2019.06.013
https://doi.org/10.1016/j.chempr.2019.06.013
https://doi.org/10.1039/C9DT01357A
https://doi.org/10.1039/C9DT01357A
https://doi.org/10.1039/C9SC02463H
https://doi.org/10.1039/C9SC02463H
https://doi.org/10.1021/jacs.1c02808?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c02808?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c02808?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1126/science.1241764
https://doi.org/10.1126/science.1241764
https://doi.org/10.1021/ja410379x?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja410379x?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C2DT32711B
https://doi.org/10.1039/C2DT32711B
https://doi.org/10.1002/anie.201502579
https://doi.org/10.1002/anie.201502579
https://doi.org/10.1002/anie.201502579
https://doi.org/10.1039/C5CC03572D
https://doi.org/10.1039/C5CC03572D
https://doi.org/10.1039/C5CC03572D
https://doi.org/10.1002/chem.201406356
https://doi.org/10.1002/chem.201406356
https://doi.org/10.1002/chem.201406356
https://doi.org/10.1002/chem.201406356
https://doi.org/10.1021/acs.organomet.6b00158?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.6b00158?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C5SC00051C
https://doi.org/10.1039/C5SC00051C
https://doi.org/10.1002/ange.201403693
https://doi.org/10.1002/ange.201403693
https://doi.org/10.1002/ange.201403693
https://doi.org/10.1039/C5DT03796D
https://doi.org/10.1039/C5DT03796D
https://doi.org/10.1039/C5DT03796D
https://doi.org/10.1039/C6DT01339B
https://doi.org/10.1039/C6DT01339B
https://doi.org/10.1039/C6DT01339B
https://doi.org/10.1039/C6DT00105J
https://doi.org/10.1039/C6DT00105J
https://doi.org/10.1039/DT9830001095
https://doi.org/10.1039/DT9830001095
https://doi.org/10.1039/DT9830001095
https://doi.org/10.1021/acs.inorgchem.7b00293?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.7b00293?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D0NJ02774J
https://doi.org/10.1039/D0NJ02774J
https://doi.org/10.1002/ejic.201600539
https://doi.org/10.1002/ejic.201600539
https://doi.org/10.1039/a901728c
https://doi.org/10.1039/a901728c
https://doi.org/10.1039/a901728c
https://doi.org/10.1039/DT9920002085
https://doi.org/10.1039/DT9920002085
https://doi.org/10.1039/DT9920002085
https://doi.org/10.1039/DT9920001069
https://doi.org/10.1039/DT9920001069
https://doi.org/10.1021/om00005a057?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om00005a057?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om00005a057?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/(SICI)1521-3757(19981002)110:19<2795::AID-ANGE2795>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1521-3757(19981002)110:19<2795::AID-ANGE2795>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1521-3757(19981002)110:19<2795::AID-ANGE2795>3.0.CO;2-L
https://doi.org/10.1021/om980036o?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om980036o?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om980036o?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om980036o?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om980036o?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/ange.201410085
https://doi.org/10.1002/ange.201410085
https://doi.org/10.1002/anie.201611009
https://doi.org/10.1002/anie.201611009
https://doi.org/10.1002/anie.201611009
https://doi.org/10.1002/ange.201611009
https://doi.org/10.1002/ange.201611009
https://doi.org/10.1002/cber.19901230419
https://doi.org/10.1002/cber.19901230419
https://doi.org/10.3762/bjoc.14.187
https://doi.org/10.3762/bjoc.14.187
https://doi.org/10.3762/bjoc.14.187
https://doi.org/10.1021/jacs.9b00594?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.9b00594?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1126/science.aaz2258
https://doi.org/10.1126/science.aaz2258
https://doi.org/10.1021/jacs.0c05343?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c05343?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c10092?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c10092?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c06735?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c06735?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c06735?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c11463?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/Organometallics?ref=pdf
https://doi.org/10.1021/acs.organomet.2c00135?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Organometallics pubs.acs.org/Organometallics

Communication

Organometallic Elementary Steps at Bismuth: Catalytic Synthesis of
Aryl Sulfonyl Fluorides. J. Am. Chem. Soc. 2021, 143, 21497—-21502.

(19) Magre, M.; Kuziola, J.; Néthling, N.; Cornella, J.
Dibismuthanes in catalysis: from synthesis and characterization to
redox behavior towards oxidative cleavage of 1,2-diols. J. Org. Biomol.
Chem. 2021, 19, 4922—4929.

(20) Sharutin, V. V.; Sharutina, O. K.; Egorova, I. V.; Ivanenko, T.
K,; Bel'skii, V. K. Synthesis and Structure of Triphenylbismuth
Difluoride. Russ. J. Gen. Chem. 2002, 72, 44—4S.

(21) Yoshihiro, M.; Hitomi, S. Synthesis and Reactions of some
crowded Triorganylbismuthines. Bull. Chem. Soc. Jpn. 1992, 65,
3504—3506.

(22) Holmes, R. R; Holmes, J. M.; Day, R. O.; Swamy, K. K. C.;
Chandrasekhar, V. Synthesis and Molecular Structures of Fluoro-
phosphoranes, R3PF,, Isoelectronic with Anionic Fluorosilicates.
Phosphorus, Sulfur, Silicon 1995, 103, 153—169.

(23) See the Supporting Information for details (NMR Spectra
section).

(24) (a) Wagner, J. P; Schreiner, P. R. London dispersion in
molecular chemistry—reconsidering steric effects. Angew. Chem., Int.
Ed. 2018, 54 (42), 12274—96. (b) Liptrot, D. J.; Power, P. P. London
dispersion forces in sterically crowded inorganic and organometallic
molecules. Nat. Rev. Chem. 2017, 1 (1), 0004.

(25) Caputo, C. B.; Winkelhaus, D.; Dobrovetsky, R.; Hounjet, L. J.;
Stephan, D. W. Synthesis and Lewis acidity of fluorophosphonium
cations. Dalton Trans. 2018, 44, 12256—12264.

1762

https://doi.org/10.1021/acs.organomet.2c00135
Organometallics 2022, 41, 1754—1762


https://doi.org/10.1021/jacs.1c11463?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c11463?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D1OB00367D
https://doi.org/10.1039/D1OB00367D
https://doi.org/10.1023/A:1015328925333
https://doi.org/10.1023/A:1015328925333
https://doi.org/10.1246/bcsj.65.3504
https://doi.org/10.1246/bcsj.65.3504
https://doi.org/10.1080/10426509508027374
https://doi.org/10.1080/10426509508027374
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.2c00135/suppl_file/om2c00135_si_001.pdf
https://doi.org/10.1002/anie.201503476
https://doi.org/10.1002/anie.201503476
https://doi.org/10.1038/s41570-016-0004
https://doi.org/10.1038/s41570-016-0004
https://doi.org/10.1038/s41570-016-0004
https://doi.org/10.1039/C5DT00217F
https://doi.org/10.1039/C5DT00217F
pubs.acs.org/Organometallics?ref=pdf
https://doi.org/10.1021/acs.organomet.2c00135?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

