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ABSTRACT: Telluronium cations have long been known to engage their counter anions via secondary interactions. Yet, this
property has rarely been exploited for anion binding. Motivated by such applications, we have now synthesized a bis-
telluronium dication ([3]%*) that was obtained as a tetrafluoroborate salt by reaction of 2,7-di-tert-butyl-9,9-
dimethylxanthene-4,5-diboronic acid with phenoxatellurine difluoride and BF3-OEt2. As confirmed by the formation of Te-
(n-BF4)-Te bridges in the structure of [3][BF4]2, [3]?* functions as a bidentate Lewis acid toward anions. [3][BF4]: has also
been converted into the more exposed [3][BArFza]z ([BArFz4]- = [B(3,5-(CF3)2C¢Hs)4]). The latter, which readily ionizes
PhsCCl, displays a chloride anion binding constant that exceeds that of a monofunctional model compound by almost four
orders of magnitude. The unique properties of this new bis-telluronium dication are further highlighted by its ability to
activate PhsPAuCl and cis-(PhsP)2PtClz in CHCls, leading to catalytic systems highly active in the cycloisomerization of

propargylamide or enyne substrates.

The ability of divalent group 16 compounds (A, Chart 1) to
engage in secondary bonding interactions! with electron-
rich species has been exploited extensively in the area of
supramolecular chemistry and catalysis.? The stability of
these secondary bonding interactions, often described as
chalcogen bonds (ChB), tracks with the Lewis acidity of the
chalcogen atom and augments as the group is descended,
reaching a maximum at tellurium.!e 2¢ 3 These unique
electron-acceptor properties have gained increasing
recognition as illustrated by a series of recent reports on
the use of tellurium(II) derivatives for the complexation
and transport of anions* and for the activation of organic
substrates.? These studies have shown that the chalcogen
bond formed by these tellurium(II) derivatives can be
particularly strong, especially in the presence of electron-
withdrawing substituents as in the case of [B]**" [C]?*32
D% E,4d 46 4 and F (Chart 1).4 The neutral or charged
electron-withdrawing substituents present in these
derivatives enhance the development of electropositive
regions (called o holes) on the chalcogen atom, opposite
from, but not always strictly alligned with, the R-Te bonds.>
These effects are concomitant with an increase of the
chalcogen parentage of the Te-R o* orbital thus elevating
the dative character of the secondary interaction.®

Aiming to increase further the stability of the secondary
bonding interactions formed by tellurium acceptors, we
proposed a strategy that rests on tetravalent tellurium
derivatives.” We were swayed in this research direction by
the pioneering work of Gutmann, who showed that TeCls
stands on the upper echelons of his chloride anion affinity
scale.? Another impetus came from the knowledge that

telluronium cations readily associate with their
counteranions.” With these precedents as a backdrop, we

Chart 1. Top: The chalcogen bonding concept and
examples of Te(II) ChB donors. Bottom: Examples of
cationic Te(IV) ChB donors and objective of this work.
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introduced molecules such as [G]* and [H]* (Chart 1) for
application in anion sequestration and transport,
respectively.? When compared to their divalent
counterparts, these telluronium cations display deeper o
holes and stabilized o* orbitals, leading to an increase in
their Lewis acidity or chalcogen bonding abilities.°® Similar
effects are also responsible for the advantageous properties
displayed by iodonium!® or stibonium!! cations which
exhibit greater halogen- or pnictogen-bond donor
properties, respectively, than their neutral counterparts.
Encouraged by these early results and realizing that
additional benefits could derive from the juxtaposition of
two telluronium cations in a bifunctional motif, we have
now decided to investigate the synthesis of bis-telluronium
dications as bidentate Lewis acids (Chart 1).'2 This
contribution describes an original incarnation of this idea
along with a demonstration that such bidentate ChB donors
can be used for activation of C-Cl and M-Cl bonds (M = Au,
Pt), with application in electrophilic organometallic
catalysis.

To reduce the steric profile and increase the stability of
the telluronium units, we decided to consider the cyclized
phenoxatellurine (1) as an elementary building block.13
This compound was first converted into 1-F2 by reaction
with N-fluorobenzenesulfonimide (NFSI) and CsF and
allowed to react with PhB(OH)2 and BF3-OEt: to afford
[2][BF4] in 85% yield (Figure 1).1* Under analogous
conditions, 2,7-di-tert-butyl-9,9-dimethylxanthene-4,5-
diboronic acid was easily converted into [3][BF4]2, a large-
bite bidentate Lewis acid,’> which was isolated in 70%
yield. The 'H NMR spectra of [2][BF4] and [3][BF4]z show
distinct resonances in CD3CN in the 7.45-8.08 ppm range,
which can be assigned to the phenoxatellurinium units.
Realizing that the coordination of the tetrafluoroborate
anions (vide infra) may limit the Lewis acidity of these
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telluronium cations, we also generated [2][BArF:4] and
[3]1[BArFa4]2 ([BArFas]- = [B(3,5-(CF3)2CsH3)4]) by salt
metathesis.

Single crystals of [2][BF4] and [3][BF4]z could be readily
obtained, allowing for the determination of their solid-state
structures (Figure 1). In all cases, the phenoxatellurinium
unit adopts a slightly folded geometry as indicated by the
dihedral angle a (o = 37.9° for [2][BF4], o =12.7° and 31.6°
for [3][BF4]2) formed by the two o-phenylene units. The
tellurium atoms adopt a trigonal pyramidal geometry as
indicated by the C-Te-C angles which fall within the
90.8(1)°-95.2(1)° and 89.7(6)°-98.1(3)° range for [2][BF4]
and [3][BF]z, respectively. In both salts, the [BF4]- counter
anions form short Te-F contacts with the tellurium atom,
indicating the presence of secondary or chalcogen bonding
interactions (Figure 1).°* In [3][BFa4]2, the tetrafluoroborate
anions link the two telluronium centers through the
formation of a unique Te-(pu-BF+-x!(F),k!(F"))-Te’ bridging
motifs, illustrating the bidentate character of [3]%*.
Additionally, we noted that each tellurium atom interacts
with two tetrafluoroborate anions along approximately
perpendicular directions. Such a feature indicates that the
Lewis acidic tellurium centers of this structure act as biaxial
ChB donors, thus mimicking the properties of iodonium
cations as biaxial halogen bond donors.1%

Both [2]* and [3]** have been computationally
investigated. As illustrated in Figure 2, these calculations
show that the LUMO and LUMO+1 of [2]* have c*(Te-C)
character in agreement with the multidirectional ChB
donor properties of the telluronium center, as previously
noted in the case of [(CsFs)2TeMe]*.°> The same situation is
seen in the case of [3]%* for which the LUMO, LUMO+1,
LUMO+2, and LUMO+3 also have 6*(C-Te) character. We
will note that these orbitals are closely spaced energetically
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Figure 1. Synthesis and structures of the telluronium salts. Synthetic details: (a): 1 equiv. of NFSI and 2 equiv. of CsF in CH2Clz, 0°C
tor.t; (b): 1) 1 equiv. of BF3:OEtz per Te atom in CH2Clz, 0°C to r.t. 2) excess of NaBF4 in CH2Cl2/H20; (c): 1 equiv. of Na[BArF24] per
Te atom in CH2Clz, r.t. The structures are shown with thermal ellipsoids drawn at the 50% probability level. H atoms are omitted for
clarity.
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Figure 2. Contour and energies of the LUMOs of [2]* and [3]2* (isosurface value: 0.05 a.u.). The ESP map of each cations are also

shown (isosurface value = 0.001 a.u.).

, indicating that all sites will display similar Lewis acidity.
Consistent findings emerge from an inspection of the
electrostatic potential maps of these derivatives which
show the expected o holes, at positions coinciding with the
c*(Te-C) orbitals (Figure 2). In the case of [3]%, the
convergence of the telluronium units creates an area of
elevated positive potential spanning the two tellurium
atoms and defining the bidentate Lewis acidic pocket.

Building on these initial results, we became eager to
quantify the Lewis acidity of these compounds towards an
anionic substrate such as the chloride anion. To this end,
we tested the ability of [2][BArFz4] and [3][BArFa]: to
ionize Ph3CClI (Figure 3).1® UV-vis monitoring afforded the
equilibrium constant Kre = 14.5 for [3][BArFz4]2 and
1.58x10-3for [2][BArFz4]. The four-order-of-magnitude
difference observed in the binding constants of these
derivatives shows that [3]%* is significantly more Lewis
acidic than [2]*. We assign this higher affinity to the
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Figure 3. Left: Equilibrium established upon combining the
telluronium cations with PhsCCl. Right: UV-Vis spectra of the
corresponding mixtures along with that of [Ph3C][B(CsFs)4]
which was used as a standard.

dicationic nature of [3]?* as well as its ability to form a
chloride chelate as suggested by the optimized geometry of
[3-u2-Cl]* (Figure 3). Such a multidentate binding mode is
reminiscent of that displayed by other high-affinity
polytopic chloride anion receptors.'” The high Lewis
acidity of [3]?* also comes to light using Ph3PO as a probe.18
Indeed, 3'P NMR measurements in CH2Clz show a larger
deshielding of the phosphorus resonance upon addition of
[3][BArFz4]2 to Ph3PO (A8 = 7.9 ppm for a 6 mM 1:1
mixture) than with [2][BArFz4] (Ad = 6.1 ppm for a 6 mM of
1:1 mixture).

To highlight the unique properties of the telluronium
cations described herein, we investigated their use as
activators in transition metal-based catalysis. While
pnictogen and halogen bond donors have been used in this
context,! related efforts with ChB donors have not been
previously visited. We first tested the ability of [2][BArFz4]
and [3][BArFz4]2 to activate PhsPAuCl using the
cycloisomerization of 4-fluoro-N-(propyl-2-yn-1-
yl)benzamide (4) into 5 as a test reaction (Scheme 1, Table
1 entry 1 and 2).2° A notably higher activity was observed
with [3][BArFz4]2, providing initial evidence for the
superiority of the bifunctional motif. Encouraged by this
result, we attempted the more challenging generation of
electrophilic platinum catalysts,'¢ 2! by activation of Pt(II)-
Cl bonds. With this in mind, we chose cis-(PhsP)2PtCl: as

Scheme 1. Cycloisomerization reaction of propargyl
amide 4 and of 1,6-enyne 6 using Phs:AuCl and cis-
(PhsP)2PtCl: as precatalysts.
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Table 1. Catalytic profile for the cyclization reaction of
4 and 6.

Precat.a
Entry / . Ac.tivator / Sub. Tirpe Conv.
loading loading (mol%) b (min) < (%)
(mol%)
1 [Au] /2 [2][BArFz] /4 4 30 36
2 [Au] /2 [3][BArFz4]2/2 4 30 95
3 [Pt]/2 [3][BArFx]2/2 6 10 12
4 [Pt]/2 [3][BArFu]2/4 6 10 9%
[Pt]/2 [2][BArFz]/8 6 10 6
6 [Pt] /2 Na[BArFz]/2 6 10 3
7 [Pt]/2 Na[BArF]/4 6 10 18
8 [Pt] / 2 - 6 60 <1
9 - [3][BArF2e]2 /4 6 60 <1

aPrecat. = precatalyst: [Au] = Ph3AuCl, [Pt] = cis-(Ph3P)2PtClz;
bSub. = substrate. <Conv. = conversion measured by 1H NMR
spectroscopy.

a precatalyst and the cycloisomerization of enyne 6 into 7,
as a benchmark reaction (Scheme 1, Table 1). The reaction
was first attempted with a 2 mol% loading of cis-
(PhsP)2PtClz and [3][BArF24] in dry CDCls. Under these
conditions, the reaction proceeded slowly, only reaching
12% conversion after 1 h (entry 3). The activity
significantly improved when the loading of [3][BArFz4]z
was increased to 4 mol%. Indeed, under this condition, the
reaction was essentially complete (> 95% conversion) after
only 10 min (entry 4). Prior studies have shown that
platinum dichloride precatalysts necessitate two
equivalents of chloride abstractors for proper activation,21®
supporting the notion that each equivalent of [3]?#
abstracts a single chloride anion. The unique properties of
[31[BArFz4]2 as an activator are further highlighted by a
comparison with its monofunctional analog since
activation of cis-(PhsP)2PtClz (2 mol %) with [2][BArF24] (8
mol %) led to only 6% conversion after 10 min and only
11% after 1 h (entry 5). The distinctly superior ability of
[31[BArFa4]2 to activate the platinum catalyst is again
ascribed to its dicationic nature and its chloride chelating
ability. The use of Na[BArFz4]as an activator only led to low
conversions even when used in a two-fold excess with
respect to the precatalyst concentration (entries 6 and 7).
Finally, the platinum precatalyst or [3][BArF24]2 alone were
inactive (entries 8 and 9). The lack of activity observed
with [3][BArFz4]2 alone indicates that catalysis occurs at
the platinum center.

In summary, we show that the enforced juxtaposition of
the telluronium moieties in [3]?* leads to favorable
cooperative effects illustrated by the chelation of two
tetrafluoroborate anions in [3][BF4]2 and by the elevated
chloride anion affinity of [3]?*. At the same time, the
lipophilicity of the backbone enhances the solubility of this
doubly charged species. These properties have significant
consequences in the realm of C-Cl and M-Cl (M = metal)
bond activations. The latter is illustrated by the use of [3]2*

4

as a catalyst activator. These results open a new chapter in
the application of ChB in anion complexation and catalysis;
they also showcase the potential that telluronium cations
hold as Lewis acidic sites in polydentate chalcogen-bond
donor constructs.
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