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Distiboranes based on ortho-phenylene
backbones as bidentate Lewis acids for
fluoride anion chelation†

Di You, Benyu Zhou, Masato Hirai and François P. Gabbaï *

As part of our efforts in the chemistry of main group platforms that support anion sensing and transport,

we are now reporting the synthesis of anitmony-based bidentate Lewis acids featuring the o-C6F4 back-

bone. These compounds can be easily accessed by reaction of the newly synthesized o-C6F4(SbPh2)2 (5)

with o-chloranil or octafluorophenanthra-9,10-quinone, affording the corresponding distiboranes 6 and 7

of general formula o-C6F4(SbPh2(diolate))2 with diolate = tetrachlorocatecholate for 6 and octafluorophe-

nanthrene-9,10-diolate for 7, respectively. While 6 is very poorly soluble, its octafluorophenanthrene-

9,10-diolate analog 7 readily dissolves in CH2Cl2 and undergoes swift conversion into the corresponding

fluoride chelate complex [7-μ2-F]− which has been isolated as a [nBu4N]+ salt. The o-C6H4 analog of 7,

referred to as 8, has also been prepared. Although less Lewis acidic than 7, 8 also forms a very stable

fluoride chelate complex ([8-μ2-F]−). Altogether, our experiental results, coupled with computational ana-

lyses and fluoride anion affinity calculations, show that 7 and 8 are some of the strongest antimony-based

fluoride anion chelators prepared to date. Another notable aspect of this work concerns the use of the

octafluorophenanthrene-9,10-diolate ligand and its ablity to impart advantageous solubility and Lewis

acidity properties.

Introduction

The chemistry of bidentate Lewis acids continues to garner sig-
nificant interest in the area of anion sensing1,2 and transport.3

The advantageous properties of these compounds are typically
correlated to the juxtaposition of the two Lewis acidic centres,
facilitating anion chelation. A vast collection of constructs has
been explored over the past decades as nicely documented in a
series of reviews.4 One of our contributions to this research
effort has targeted bidentate systems in which the Lewis acidic
centres are pentavalent antimony atoms.5–8,9 We were motiva-
ted to engage in this research direction by the superior Lewis
acidic properties of antimony(V) compounds.10 Such properties
have been extensively documented in the case of the pentaha-
lides which have, for example, been used to access super
acids.11 We will also note that several recent contributions use
SbF5 as a benchmark for Lewis superacidity.12,13 Our investi-
gations in antimony(V) chemistry have generated organo-anti-

mony Lewis acids that can be used as anion sensors,14 and
anion transporters.15 As mentioned above, we have also syn-
thesized bidentate antimony Lewis acids including the 9,9-di-
methylxanthene-4,5-diyl derivative 1 which forms a very stable
fluoride chelate complex (Scheme 1).6 Inspection of the struc-
ture of [1-μ2-F]− suggested that the presence of an electron-rich
oxygen atom could lead to Pauli repulsion with the fluoride
anion thus lowering the anion affinity of the bidentate chela-

Scheme 1 Structure of known antimony(V) Lewis acids. The fluoride
adducts are shown for 1, 2 and [4]+.
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tor. To circumvent this issue, we investigated the triptycene-
1,8-diyl system 2 and observed that it displays a higher fluoride
anion affinity than 1 (Scheme 1).7

To continue exploring how the backbone informs the pro-
perties of these bidentate antimony Lewis acids, we have now
decided to investigate the synthesis and properties of ana-
logues of 1 and 2 in which the two antimony moieties are con-
nected by an electron-deficient tetrafluoro-ortho-phenylene
backbone. Although this backbone has been previously
employed for the design of bifunctional group 12 16 and 13
Lewis acids,17,18 related systems incorporating antimony(v) as
the Lewis acid have not been described. The most closely
related systems include the non-fluorinated derivatives [3]2+

and [4]+ that we have investigated for catalysis in the case of
[3]2+ and anion binding in the case of [4]+ (Scheme 1).5,9

Results and discussion

Using the strategy that we employed to access 1 and 2, we first
synthesized 1,2-bis(diphenylstibino)tetrafluorobenzene (5) in
view of its reaction with o-chloranil. This new distibine could
be obtained by reaction of 1,2-dibromotetrafluorobenzene with
n-BuLi in THF at −65 °C followed by treatment with dipheny-
lantimony chloride. Compound 5 was purified by column
chromatography and isolated as a white crystalline solid. The
formation of a single tetrafluoro-o-phenylene species was con-
firmed by 19F NMR spectroscopy, which showed two reso-
nances at −113.99 and −153.42 ppm in the expected 1 : 1 ratio.
The 1H NMR spectrum of 5 only displays resonances corres-
ponding to the phenyl rings, which all appear equivalent in
solution. This derivative was subsequently treated with two
equivalents of o-chloranil in CH2Cl2 (Scheme 2). The reaction
proceeded smoothly as indicated by in situ 19F NMR spec-
troscopy which showed the emergence of two new signals at
−120.6 ppm and −149.4 ppm assigned to the distiborane 6.
This new derivative was isolated as a pale yellow solid in 93%
yield. However, once crystalized, it could not be brought back

into solution. For this reason, 6 was not characterized by NMR
spectroscopy. Yet, its composition was asserted by elemental
analysis and its structure was determined by single crystal X-ray
diffraction (vide infra). Confronted with the poor solubility of 6,
we decided to investigate the reaction of 5 with octafluorophe-
nanthra-9,10-quinone (Scheme 2).19 This reaction, which was
carried out in CH2Cl2, afforded the desired distiborane 7 in less
than an hour. After workup, this compound was isolated as a
yellow solid. Gratifyingly, we found that 7 readily dissolves in
THF and CH2Cl2. While the 19F NMR spectrum of the octafluor-
ophenanthra-9,10-quinone exhibits four resonances, the 19F
NMR spectrum of 7 shows ten peaks in CH2Cl2, consistent with
the formation of a compound with C2 symmetry (Fig. 1).

We were able to obtain single crystals of 6 by layering a
diethyl ether solution of o-chloranil with a CH2Cl2 solution of
1,2-bis(diphenylstibino)tetrafluorobenzene (Fig. 1). The crystal
structure of 6 reveals that the compound has C2 symmetry,
with the two symmetry-equivalent antimony atoms separated
by 3.8176(10) Å. The antimony atom adopts a distorted square
pyramidal geometry with an average τ value = 0.14.20 Square
pyramidal geometries are not unusual for antimony(V) com-
pounds including (o-Cl4C6O2)Sb(C6F5)3 which has a τ value of
0.32.21 As indicated by the Sb1–O2a distance of 2.841(2) Å, the
antimony atom and an oxygen atom of the neighbouring cate-
cholate ligand are engaged in a donor–acceptor interaction.
The structure of 7 has also been confirmed by single crystal
X-ray diffraction which indicated the presence of two indepen-
dent molecules in the asymmetric unit (Fig. 1). It is interesting
to note that the distance separating the two antimony atoms
in this compound (3.5665(7) Å/3.5942(7) Å) is notably shorter
than in 6. This shorter separation may be the result of
increased O → Sb donor–acceptor bonding across the biden-
tate pocket. Indeed, 7 features intramolecular Sb⋯O distances
in the 2.428(4)–2.642(5) Å range, some of which are distinctly
shorter than in 6. This significant shortening in 7 could be the
result of an increased Lewis acidity of the antimony atoms
and/or an increased Lewis basicity of the oxygen atoms.

To answer the above question, we computed the fluoride
anion affinity of compounds A and B and found them to be
both very close to each other although that of B appears
slightly higher (Fig. 2).22 This result indicates that if the octa-
fluorophenanthrene-9,10-diolate ligand indeed elevates the
Lewis acidity of antimony center, it does so only moderately.
We will also note that the HOMO energy of B exceeds that of A
by 0.48 eV. Since the HOMO spans the oxygen atoms of these
derivatives, the Lewis basicity will likely be superior in the case
of B which features the octafluorophenanthrene-9,10-diolate
ligand. Thus, we propose that the increased basicity of the
oxygen atoms in 7 is the dominating determinant responsible
for the shortening of the intramolecular Sb⋯O distances.
Finally, we note that the LUMO energy of these compounds are
close to one another since they only differ by ∼0.1 eV.

Compound 6 and 7 have also been investigated computa-
tionally using DFT methods. These calculations show that the
LUMO of both compounds spans the two antimony atoms and
displays dominant parentage from the σ* orbital of the Sb–Scheme 2 Synthesis of 5, 6, and 7.
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CPhenyl bond opposite to the open face of the antimony square
pyramidal geometry (Fig. 3). The LUMO of 6 (−2.41 eV) and 7
(−2.38 eV) have very similar energies suggesting that the stron-
ger intramolecular Sb → O interactions in 7 may have little
effects on the Lewis acidity of the antimony centers.

Because of the poor solubility of 6, we were not able to
experimentally compare its Lewis acidity with that of 7.
Nonetheless, and encouraged by the solubility of 7, we
decided to explore its reaction toward the small fluoride
anion. To this end, distiborane 7 was combined with
[nBu4N][Ph3SiF2] (TBAT) in CH2Cl2 (Scheme 3). Evaporation of
the solvent and repeated washing of the residue with

pentane, afforded pure [nBu4N][7-μ2-F] as a yellow solid in
good yield. This salt has been characterized using NMR spec-
troscopy, single crystal X-ray diffraction and elemental ana-
lysis. The 19F NMR spectrum of [nBu4N][7-μ2-F] displays nine
resonances between −115 and −170 ppm, corresponding to
the octafluorophenanthrene-9,10-diolate and the tetrafluoro-
ortho-phenylene backbone. The observation of only nine reso-

Fig. 1 Left: Crystal structures of 6 and 7. Thermal ellipsoids are drawn at the 50% probability level. Parts of the molecules are shown as thin lines. In
the case of 7, only one of the two independent molecules is shown. Selected bond lengths (Å) and angles (°) for 6: Sb1–Sb1a 3.8176(10), Sb1–O1
2.037(2), Sb1–O2 2.086(2), Sb1–O2a 2.841(2), O1–Sb1–O2 78.91(9), Sb1–C1–C1a 124.22(8). Selected bond lengths (Å) and angles (°) for 7:
Independent molecule 1. Sb1–Sb2 3.5666(7), Sb1–O3 2.572(5), Sb2–O1 2.428(4), O1–Sb1–O2 78.40(17), O3–Sb2–O4 78.43(17), Sb1–C1–C2 120.0
(5), Sb2–C2–C1 120.0(6). Independent molecule 2: Sb1’–Sb2’ 3.5942(7), Sb1’–O3’ 2.471(5), Sb2’–O1’ 2.642(5), O1’–Sb1’–O2’ 78.56(19), O3–Sb2–O4
78.49(18), Sb1–C1–C2 120.9(6), Sb2–C2–C1 120.6(6). Right: 19F NMR spectrum of 7 recorded in CH2Cl2.

Fig. 2 Structures of the monofunctional model compounds, along with
their computed fluoride anion affinities (FIA). The LUMO of each com-
pound as well as their energies are also shown (isovalue = 0.04).

Fig. 3 Contour plot and energy of the LUMO of 6 (left) and 7 (right)
(isovalue = 0.04).

Scheme 3 Synthesis of [nBu4N][7-μ2-F].

Organic & Biomolecular Chemistry Paper

This journal is © The Royal Society of Chemistry 2021 Org. Biomol. Chem.

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

21
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
- 

Sa
nt

a 
B

ar
ba

ra
 o

n 
5/

16
/2

02
1 

6:
30

:0
0 

A
M

. 
View Article Online

https://doi.org/10.1039/d1ob00536g


nances indicates the accidental overlap of two magnetically
inequivalent fluorine signals. The chelated fluoride anion
appears at −77.1 ppm in CDCl3. This value is close to that in
[Ph3Sb(o-O2C6Cl4)F]

− (−84.6 ppm)6 or Ph4SbF (−81.4 ppm);23

yet it significantly differs from those in [1-μ2-F]− (−25.6 ppm)
and [2-μ2-F]− (−26.4 ppm).6,7 The formation of [7-μ2-F]−

shows that the intramolecular Sb → O donor–acceptor inter-
actions in 7 are not sufficiently strong to quench the Lewis
acidity of these derivatives.

Colourless single crystals of [nBu4N][7-μ2-F] were obtained
by diffusing pentane into a CH2Cl2 solution of the salt. The
crystal structure of [nBu4N][7-μ2-F] confirms the formation of a
fluoride chelate complex with the bridging fluoride anion
adopting a bent geometry as indicated by the value of the Sb–
F–Sb angle of 129.48(6)° (Fig. 4). Such a bending is reminis-
cent of that observed in the fluoride adducts of bidentate
diboranes.1,17,24 We should also be reminded that the
[Sb2F11]

− anion may display a bent fluoride bridge as in the
case of its hydronium salt where the Sb–F–Sb angles range
from 149.4(3) to 145.9(2)°.25 We reason that the accentuated
bending of the Sb–F–Sb angle results from the rigid arrange-
ment of the two Lewis acids. In support of this view, we will
note that the larger spacing of the Lewis acids in [1-μ2-F]− and
[2-μ2-F]− leads to significantly larger angles of 165.4(1)° and
174.4(1)°, respectively.6,7 The Sb1–Sb2 separation of 3.8525(6)
Å in [nBu4N][7-μ2-F] is notably increased when compared to
that of the starting distiborane (av. 3.58 Å) owing to the dis-
appearance of O → Sb bonding between the two distiborane
units. The Sb–F bond lengths (2.1322(11) and 2.1275(11) Å) fall
within the expected range and are comparable to those
measured in [1-μ2-F]− and [2-μ2-F]−.6,7

To complete this study and better understand the impact of
perfluorination of the ortho-phenylene backbone, we targeted

compound 8 which was obtained as a yellow crystalline solid
by reaction of 1,2-bis(diphenylstibino)benzene26 with two
equivalents of octafluorophenthra-9,10-quinone in CH2Cl2
(Scheme 4). In the 1H NMR of 8 in CDCl3, the o-phenylene
resonances appear as multiplets at 7.67 ppm while the phenyl
group gives rise to a broad signal centred at 7.39 ppm. The 19F
NMR spectrum features five broad signals corresponding to
the octafluorophenanthrene-9,10-diolate ligand, indicating
that some of the fluorine resonances are overlapping. The
crystal structure of distiborane 8 has been determined (see
ESI†). The Sb–Sb separation of 3.568(3) Å and the short O →
Sb contacts of 2.557(3) and 2.525(2) Å connecting the stiborane
units are comparable to those in the structure of 7, suggesting
that the Lewis acidity of the antimony centers might be com-
parable (Fig. 5). This analogy carries forward in the behaviour

Fig. 4 Structure of [nBu4N][7-μ2-F] in the crystal. Thermal ellipsoids are
drawn at the 50% probability level. The hydrogen atoms and the
[nBu4N]

+ cation are omitted for clarity and the phenyl rings as well as
one of the octafluorophenantrene unit are shown as thin lines. Selected
bond lengths (Å) and angles (°): Sb1–Sb2 3.8525(6), Sb1–C1 2.185(2),
Sb1–O1 2.0570(14), Sb1–O2 2.0658(14), Sb2–C2 2.182(2), Sb2–O3
2.0615(14), Sb2–O4 2.0561(14), Sb1–F21–Sb2 129.48(6), O1–Sb1–O2
78.19(5), O3–Sb2–O4 78.94(5), F21–Sb1–C7 190.32(6), F21–Sb2–C19
169.98(6).

Scheme 4 Synthesis of 8 and [nBu4N][8-μ2-F].

Fig. 5 Structure of [nBu4N][8-μ2-F] in the crystal. Thermal ellipsoids are
drawn at the 50% probability level. The hydrogen atoms and the
[nBu4N]+ cation are omitted for clarity and the phenyl rings as well as
one of the octafluorophenanthrene unit are shown as thin lines.
Selected bond lengths (Å) and angles (°): Sb1–C1 2.150(4), Sb1–C7 2.146
(5), Sb1–C13 2.126(5), Sb1–O1 2.064(3), Sb1–O2 2.064(3), Sb2–C2 2.143
(4), Sb2–C33 2.138(4), Sb2–C39 2.125(5), Sb2–O3 2.060(3), Sb2–O4
2.066(3), Sb1–F17–Sb2 126.30(12), O1–Sb1–O2 77.79(13), C1–Sb1–C7
101.05(17), C1–Sb1–C13 102.3(2), C7–Sb1–C13 97.15(18), O3–Sb2–O4
76.67(15), C2–Sb2–C33 101.45(17), C2–Sb2–C39 102.94(19), C33–Sb2–
C39 100.61(18).
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of 8 towards fluoride since its reaction with TBAT affords
[nBu4N][8-μ2-F] (Scheme 4). The appearance of eight distinct
octafluorophenanthrene-9,10-diolate resonances in the 19F
NMR spectrum between −130 and −170 ppm and a single
resonance for the bridging fluoride anion at −76.8 ppm con-
firmed the formation of an anionic chelate complex analogous
to [7-μ2-F]−. In the crystal, the metrical parameters defining
the geometry of the chelated fluoride anion in [8-μ2-F]− (Sb–F =
2.129(3) and 2.140(3) Å, and Sb1–F17–Sb2 angle of 126.30(12)°)
are again similar to those of [7-μ2-F]− (Fig. 5).

Given that these experimental results did not allow us to
clearly discern a notable difference in the Lewis acidity of 7
and 8, we computed the fluoride anion affinity (FIA) of these
two compounds using DFT methods. These calculations
afforded an FIA of 399.7 kJ mol−1 for 7 which is higher than
that of 8 (390.7 kJ mol−1). These results show that perfluorina-
tion of the phenylene backbone moderately enhances the
Lewis acidity of this anion chelating platform. Such results are
consistent with those obtained with other bidentate Lewis
acids including those containing mercury as the Lewis acidic
element.16 Finally, the FIAs of 7 and 8 are either comparable of
slightly higher than those computed for 1 (365 kJ mol−1) and 2
(395 kJ mol−1) at the same level of theory.6,7 This comparison
shows that despite its simplicity, the o-phenylene backbone,
fluorinated or not, is well adapted to the design of potent anti-
mony-based anion chelators.

Aiming to get experimental verification for the elevated
Lewis acidity of 7, we decided to develop a resilience test in
which [nBu4N][7-μ2-F] and [nBu4N][8-μ2-F], mixed in equimolar
quantities, were concomitantly challenged by addition of Al
(NO3)3 in THF (Fig. 6). Upon addition of the first equivalent of
Al(NO3)3, [nBu4N][8-μ2-F] disappeared, while [nBu4N][7-μ2-F]
remained intact. An additional equivalent of Al(NO3)3 led to
the disappearance of [nBu4N][7-μ2-F]. These results agree with
the computational finding that 7 has a higher fluoride affinity
than 8.

Conclusions

Altogether this paper describes the synthesis of o-phenylene-
based distiboranes as bidentate Lewis acids. These derivatives,
which are obtained by oxidation of the corresponding distibine
by addition of an o-quinone such as o-chloranil or octafluoro-
phenanthra-9,10-quinone, readily chelate the fluoride anion as
established in the case of the octafluorophenanthrene-9,10-
diolate derivatives. The computed FIA of these derivatives
suggest that they are some of the strongest antimony-based flu-
oride anion chelators prepared by our group, in particular
when the o-tetrafluorophenylene group is employed. Finally,
we propose that the most innovative aspect of this study
relates to the use of octafluorophenanthrene-9,10-diolate as a
chelating ligand. This ligand has, to our knowledge, never
been employed and the results that we have obtained suggest
that its use may lead to higher solubilities than those dis-
played by compounds containing the tetrachloro-catecholate
ligand. The presence of NMR active 19F nuclei on the backbone
is also an attractive trait that facilitates spectroscopic monitor-
ing of the chemistry. This result is of relevance to ongoing
efforts aimed at the synthesis of catecholate main group
derivatives as super acids.13,27

Experimental section
General considerations

Antimony is potentially toxic and should be handled with
caution. Perfluoro(tetradecahydrophenanthrene) was pur-
chased from Beantown Chemical, n-BuLi (2.65 M in hexane)
from Alfa Aesar, tetrachloro-o-benzoquinone (o-chloranil) from
Acros Organics, and TBAT form TCI. All commercially available
chemicals were used as received. Ph2SbCl

28 and 1,2-bis(diphe-
nylstibino)benzene5 were prepared by following or modifying
previously reported procedures. All preparations were carried
out under an atmosphere of dry N2 employing either a glove-
box or standard Schlenk techniques unless specified. Solvents
were dried by passing through an alumina column (pentane
and CH2Cl2) or by refluxing under N2 over Na/K (hexanes,
Et2O, and THF). All other solvents were ACS reagent grade and
used as received. NMR spectra were recorded on a Varian Unity
Inova 400 FT NMR (399.508 MHz for 1H, 100.466 MHz for 13C)
or a Varian Unity Inova 500 FT NMR (499.42 MHz for 1H,
469.86 MHz for 19F, 125.60 MHz for 13C) spectrometer at
ambient temperature. 1H and 13C NMR chemical shifts are
given in ppm and are referenced against SiMe4 using residual
solvent signals as secondary standards. 19F NMR chemical
shifts are given in ppm and are referenced against CFCl3 using
BF3∙Et2O as an external secondary standard assigned a chemi-
cal shift value of −153.0 ppm. Elemental analyses (EA) were
performed at Atlantic Microlab (Norcross, GA).

Computational details

Density functional theory (DFT) structural optimizations with
the Gaussian 09 program.29 In all cases, the structures were

Fig. 6 19F NMR monitoring of a 1 : 1 mixture of [nBu4N][7-μ2-F] and
[nBu4N][8-μ2-F] in THF upon incremental addition of Al(NO3)3.
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optimized using the B3LYP functional30 and the following
mixed basis sets: aug-cc-pVTZ-PP31 for Sb, 6-311G(d)32 for Cl,
6-31G(d’)33 for F, 6-31G34 for C, O and H. When available, the
experimentally determined geometry of the derivative was used
as an initial guess for the optimization. These geometries are
available under the CCDC deposition numbers listed in the
following paragraph. For all optimized structures, frequency
calculations were carried out to confirm the absence of ima-
ginary frequencies. The molecular orbitals were visualized
using GaussView 6.0. The enthalpies used to derive the FIA
were obtained by single point calculations carried out at the
optimized geometry with the B3LYP functional and the follow-
ing mixed basis sets: aug-cc-pVTZ-pp for Sb and 6-311+g(2d,p)
for C, H, O, and F. The enthalpy correction term was obtained
from the above-mentioned frequency calculations.

Crystallographic measurements

The crystallographic measurements were performed at 110(2)
K using a Bruker APEX-II CCD area detector diffractometer,
with Mo-Kα radiations (λ = 0.71069 A). A specimen of suitable
size and quality was selected and mounted onto a nylon loop.
The semi-empirical method SADABS was applied for absorp-
tion correction. The structure was solved by direct methods,
which successfully located most of the non-hydrogen atoms.
Subsequent refinement on F2 using the SHELXTL/PC package
(version 6.1) allowed location of the remaining non-hydrogen
atoms. All H-atoms were geometrically placed and refined
using a standard riding model. CCDC 2071279 (6), 2071280
(7), 2071281 (8), 2071282 ([nBu4N][7-μ2-F]), 2071283 ([nBu4N][8-
μ2-F]) and 2071284 (B)† contain the supplementary crystallo-
graphic data for this paper.

Synthesis of decafluorophenanthrene

The procedure is based on that previously reported.19 A
100 mL Schlenk flask was charged with Cp2TiCl2 (0.312 g,
1.25 mmol), HgCl2 (1.72 g, 6.33 mmol), aluminum powder
(1.74 g, 64.5 mmol), and 30 mL of THF. A crystal of I2 was sub-
sequently added and the mixture was degassed. The solution
color turned from red to dark yellow within 15 min, an indi-
cation of the formation of activated low-valent “Cp2Ti”
complex. The flask was refilled with N2 and neat perfluoro(tet-
radecahydrophenanthrene) (4.06 g, 6.5 mmol) was slowly
added using syringe over the course of 5 min. This addition
led to an exothermic reaction. After stirring the mixture for
30 min and cooling it down to ambient temperature, the reac-
tion mixture was degassed once again and the flask was
refilled with fresh N2. The resulting dark yellow slurry was
periodically degassed (every 12 h) and refilled with N2. After
stirring for 3 days, the solution color turned to dark purple
and the solvent was removed under vacuum. The residue was
extracted with Et2O (3 × 20 mL) and the remaining precipitate
was removed by filtration over Celite. The red filtrate was con-
centrated and purified by silica gel column chromatography
using hexanes as an eluent. Decafluorophenanthrene was
obtained as a colorless solid in a 28% yield (644 mg,
1.8 mmol). The product formation was confirmed by 19F NMR

spectroscopy. 19F NMR (375.84 MHz, CDCl3): δ −125.58 (m;
2F), −144.00 (m; 2F), −144.88 (m; 2F), −151.08 (m; 2F),
−152.55 (m; 2F).

Synthesis of octafluorophenthra-9,10-quinone

This compound was prepared based on a published pro-
cedure.35 A 25 mL Schlenk tube was charged with decafluoro-
phenanthrene (500 mg, 1.42 mmol) and oleum (20–24% SO3;
10 mL) under N2. The color immediately turned brown. The
reaction was heated to 100 °C and stirred for 3 h. The brown
mixture was poured onto ice and transferred to a separation
funnel. After adding Et2O (50 mL), the biphasic mixture was
shaken and the two layers were separated. The aqueous layer
was extracted with Et2O (2 × 30 mL). The resulting organic
phase were dried over anhydrous MgSO4, and filtered through
Celite. The filtrate was concentrated and was purified by silica
gel (40 g) column chromatography. Hexanes was first used as
an eluent before being mixed with CH2Cl2 in a 6 : 4 (v : v) ratio.
Octafluorophenthra-9,10-quinone was obtained as a bright
yellow crystalline solid in a 33% yield (162 mg). This com-
pound is air stable and could be stored on the bench without
special precaution. The product formation was confirmed by
19F NMR spectroscopy. 19F NMR (375.84 MHz, CDCl3): δ

−125.40 (m; 2F), −133.26 (m; 2F), −139.61 (m; 2F), −148.03
(m; 2F).

Synthesis of 5

A solution of n-BuLi in hexanes (3.5 mL, 2.2 M, 7.7 mmol)
was added dropwise to a solution of 1,2-dibromotetrafluoro-
benzene (0.995 g, 3.22 mmol) in THF (20 mL) at −78 °C. After
stirring at this temperature for 45 min, this solution was
treated with Ph2SbCl (2.00 g, 6.44 mmol) which was added
via cannula transfer as a suspension in THF (10 mL). The
solution was slowly warmed to ambient temperature and
stirred for an additional 12 h. The solvent was removed under
reduced pressure to afford a residue which was taken up in
CH2Cl2 (30 mL). The resulting mixture was filtered through
celite and brought to dryness under vacuum, resulting in a
yellow oily product. Final purification via column chromato-
graphy with silica gel as a stationary phase and hexanes as an
eluent afforded 5 as a colorless crystalline solid (1.41 g,
62.3%). 1H NMR (499.42 MHz, CDCl3): δ 7.46 (m, 8H,
m-SbPh), 7.30–7.34 (m, 12H, p-SbPh, o-SbPh), 13C{1H} NMR
(125.60 MHz, CDCl3): δ = 149.52–151.74 (dm, 1JC–F = 260.9
Hz), 139.68–142.20 (dm, 1JC–F = 257.0 Hz), 137.73, 136.29,
129.10, 129.02. 19F NMR (469.86 MHz, CDCl3): δ −124.34 (d,
2F, 3JF–F = 18.9 Hz), −153.16 ppm (d, 2F, 3JF–F = 19.0 Hz).
Elemental analysis calculated (%) for: C, 51.48; H, 2.88,
found C, 51.27; H, 3.00.

Synthesis of 6

A CH2Cl2 solution (2 mL) of o-chloranil (35.3 mg, 0.140 mmol)
was added dropwise to a stirred solution of 5 (50.2 mg,
0.0720 mmol) in CH2Cl2 (2 mL). Stirring this solution for
30 min produced a 6 as yellow solid which was isolated by fil-
tration in a 93% yield (79.5 mg). Single crystals were obtained
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as yellow blocks by layering a diethyl ether solution of o-chlora-
nil with a CH2Cl2 solution of 5 at ambient temperature. 19F
NMR (469.86 MHz, THF): δ −120.59 (d, 2F, 3JF–F = 16.2 Hz),
−149.41 ppm (d, 2F, 3JF–F = 16.2 Hz). Elemental analysis calcu-
lated (%) for C42H20Cl8F4O4Sb2-CH2Cl2: C, 40.45; H, 1.74, Cl,
27.77; found C, 40.66; H, 1.84; Cl, 27.39.

Synthesis of 7

A solution of 5 (78.0 mg, 0.111 mmol) in CH2Cl2 (2 mL) was
slowly added to a solution of octafluorophenthra-9,10-quinone
(78.4 mg, 0.220 mmol) in CH2Cl2 (2 mL). After stirring for
30 min, the resulting solution was brought to dryness under
vacuum affording a residue that was washed with Et2O (2 ×
2 mL) and pentane (2 mL). This procedure afforded 7 as a
yellow solid in 69% yield (108 mg). Single crystals were
obtained by slow evaporation of a CH2Cl2 solution. 1H NMR
(499.42 MHz, CDCl3): δ 7.93 (d, 4H, 3JH–H = 7.8 Hz), 7.73 (t, 2H,
3JH–H = 7.6 Hz), 7.32–7.23 (m, 4H), 7.40 (d, 4H, 3JH–H = 7.8 Hz),
7.29 (t, 2H, 3JH–H = 7.77 Hz), 7.20 ppm (t, 4H, 3JH–H = 7.8 Hz).
13C{1H} NMR (125.60 MHz, CDCl3): 137.16, 135.44, 134.60,
133.13, 132.53, 131.87, 129.86, 129.58. 19F NMR (469.86 MHz,
CH2Cl2): −119.28 (s, 2F), −129.00 (pseudo q, 4F), −141.71 (s,
2F), −146.02 (s, 2F), −147.83 (s, 2F), −156.47 (s, 2F), −157.20
(s, 2F), −160.20 (s, 2F), −160.97 ppm (s, 2F). Elemental analysis
calculated (%) for C58H20F20O4Sb2: C, 49.61; H, 1.44; found C,
49.87; H, 1.64.

Synthesis of [nBu4N][7-μ2-F]

A solution of TBAT (22 mg, 0.041 mmol) in CH2Cl2 (2 mL)
was slowly added to a solution of 7 (58 mg, 0.041 mmol) in
CH2Cl2 (1 mL). After stirring for 30 min, the resulting solu-
tion was brought to dryness under vacuum affording an
orange oil which was washed with a copious amount of
pentane. This procedure afforded [nBu4N][7-μ2-F] in 80% yield
(63 mg). Single crystals of [nBu4N][7-μ2-F] were obtained from
CH2Cl2 upon diffusion of pentane. 1H NMR (499.42 MHz,
CDCl3): δ 7.63 (d, 4H, JH–H = 7.5 Hz), 7.39 (d, 4H, 3JH–H = 7.5
Hz), 7.17–7.08 (m, 6H), 6.90 (t, 4H, 3JH–H = 7.5 Hz), 6.82 (t,
2H, 3JH–H = 7.3 Hz), 2.72 (pseudo t, 8H, TBA–CH2), 1.27
(broad, 8H, TBA–CH2), 1.13 (m, 8H, TBA–CH2), 0.82 (t, 12H,
3JH–H = 7.45 Hz, TBA–CH3).

13C{1H} NMR (125.60 MHz,
CD2Cl2): 135.31, 133.56, 133.09, 129.25, 128.85, 128.52,
127.98, 59.31, 24.19, 20.05, 13.68. 19F{1H} NMR (469.86 MHz,
CDCl3): −77.08 (s, 1F), −117.46 (s, 2F), −132.31 (pseudo q,
4F), −144.59 (s, 2F), −148.11 (s, 2F), −152.77 (s, 2F), −159.97
(s, 4F), −165.31(s, 2F), −165.64 (s, 2F). Elemental analysis cal-
culated (%) for C74H56F21NO4Sb2: C, 53.36; H, 3.39; N, 0.84;
found C, 53.62; H, 3.53; N, 0.99.

Synthesis of 8

A solution of 1,2-bis(diphenylstibino)benzene (95 mg,
0.27 mmol) in Et2O (3 mL) was slowly added to a solution of
octafluorophenthra-9,10-quinone (83 mg, 0.13 mmol) in
CH2Cl2 (0.5 mL). Letting the resulting solution stand for 3 h
afforded yellow crystals of 8 which could be easily collected
by filtration. This procedure afforded 8 in a 81% yield

(149 mg). Single crystals of 8 were obtained from CH2Cl2 at
0 °C. 1H NMR (399.51 MHz, CDCl3): δ 7.67 (m, phenylene),
7.39 (broad s). 13C{1H} NMR (125.60 MHz, CDCl3): δ 145.88
(SbPh quaternary), 135.86 (o-phenylene), 134.52 (o-SbPh),
131.54 (o-phenylene), 130.13 (p-SbPh), 129.29 (m-SbPh); the
resonances of the fluorinated carbon atoms were not
observed. 19F NMR (375.84 MHz, CDCl3): δ −129.3 (broad d,
4F, 3JF–F = 108.8 Hz), −142.90 (broad s, 2F), −146.41 (broad s,
2F), −156.91 (s, 4F), 160.74 (broad s). Elemental analysis cal-
culated (%) for C58H24F16O4Sb2: C, 52.29; H, 1.82; found C,
52.59; H, 1.86.

Synthesis of [nBu4N][8-μ2-F]

A solution of TBAT (40 mg, 0.068 mmol) in CH2Cl2 (2 mL) was
slowly added to a solution of 8 (90 mg, 0.068 mmol) in CH2Cl2
(1 mL). After stirring for 15 min, the resulting solution was
brought to dryness under vacuum affording a residue which
was washed with Et2O (2 × 3 mL). This procedure afforded
[nBu4N][8-μ2-F] as a yellow solid in a 66% yield (78 mg). Single
crystals of [nBu4N][8-μ2-F] were obtained from toluene upon
diffusion of pentane. 1H NMR (399.508 MHz, CDCl3): δ 7.66
(pseudo d, 4H, m-SbPh), 7.52–7.25 (broad m, 20H), 3.05 (m,
8H, TBA–CH2), 1.58 (broad, 8H, TBA–CH2), 1.33 (m, 8H, TBA–
CH2), 0.95 (t, 12H, TBA–CH3,

3JH–H = 7.5 Hz,). 13C{1H} NMR
(125.60 MHz, CD3CN): δ 150.16, 150.00, 146.11, 143.31, 143.04,
141.56, 141.37, 135.22 (SbPh quaternary), 134.57 (o-SbPh),
134.02 (o-phenylene), 133.45, 129.99, 129.87 (p-SbPh), 129.59
(o-phenylene), 128.75 (o-phenylene), 128.34 (m-SbPh), 128.08
(o-phenylene), 58.33 (TBA), 23.29 (TBA), 19.24 (TBA), 12.70
(TBA). 19F NMR (375.84 MHz, CDCl3): δ −76.8 (s, 1F, bridging
fluoride), −130.5 (pseudo t, 1F, 3JF–F = 15 Hz), −130.9 (pseudo
t, 1F, 3JF–F = 15 Hz), −131.8 (pseudo t, 1F, 3JF–F = 15 Hz),
−132.3 (pseudo t, 1F, 3JF–F = 15 Hz), −143.7 (pseudo q, 2F,
3JF–F = 23 Hz, 3JF–F = 11 Hz), −147.8 (pseudo q, 2F, 3JF–F = 23
Hz, 3JF–F = 11 Hz), −159.4 (t, 2F, 3JF–F = 23 Hz), −159.7 (t, 2F,
3JF–F = 23 Hz), −164.7 (t, 2F, 3JF–F = 23 Hz), −165.2 (t, 2F, 3JF–F =
23 Hz). Elemental analysis calculated (%) for
C74H60F17NO4Sb2: C, 55.77; H, 3.79; N, 0.88; found C, 56.03; H,
3.84; N, 0.90.
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