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Abstract: Protocols for the synthesis of the bulky polyfluo-
rinated triarylboranes 2,6-(C6F5)2C6F3B(C6F5)2 (1), 2,6-
(C6F5)2C6F3B[3,5-(CF3)2C6H3] (2), 2,4,6-(C6F5)3C6H2B(C6F5)2 (3),

2,4,6-(C6F5)3C6H2B[3,5-(CF3)2C6H3] (4) were developed. All
boranes are water tolerant and according to the Gut-

mann-Beckett method, 1–3 display Lewis acidities larger
than that of the prominent B(C6F5)3.

Tris(pentafluorophenyl)borane, B(C6F5)3 (i, „BCF“) is arguably
one of the most versatile Lewis acids, which has found numer-
ous applications in organic and organometallic chemistry, cat-

alysis and materials science (Scheme 1).[1–6]

A prominent application involves the use in frustrated Lewis
pair (FLP) chemistry for the activation of small molecules. The
mixture of B(C6F5)3 (i) with tBu3P or Mes3P comprises FLPs, that

amongst others,[7–11] are capable to activate dihydrogen.[12] The
frustration of these FLPs relies on the steric encumbrance of

tBu3P and Mes3P, in contrast to the fact that B(C6F5)3 (i) and the
smaller Ph3P react to give a regular, inactive Lewis pair

Ph3PB(C6F5)3.[13] The high Lewis acidity of B(C6F5)3 stems from

the large number of fluorine atoms that decorate the substitu-
ents, which give rise to a high charge separation and provide

delocalization of the negative charge.[14, 15] Tris(3,4,5-trifluoro-

phenyl)borane, B(3,4,5-F3C6H2)3 (ii) and tris[3,5-bis(trifluorome-
thyl)phenyl]borane, B[3,5-(CF3)2C6H3]3 (iii, „BArF“) are alternative,

less frequently used Lewis acids (Scheme 1), which are slightly
less acidic, but possess slightly more accessible boron atoms

than BCF (i).[16–19] This is an advantage for some applications in
catalysis, such as hydroboration reactions. BArF (iii) forms a FLP

with the bulky 2,2,6,6-tetramethylpiperidine, which is also ca-

pable of activating dihydrogen. The frustration is again due to
the steric encumbrance of the Lewis base.[20] Tris[2,4-bis(tri-

fluoromethyl)phenyl]borane, B[2,4-(CF3)2C6H3]3 (iv) and tris[2,5-
bis(trifluoromethyl)phenyl]borane, B[2,5-(CF3)2C6H3]3 (v), the

structural isomers of BArF (iii), are less active Lewis acids due to
the steric shielding, and more importantly, the presence of in-
tramolecular B···F interactions (Scheme 1),[21, 22] which are

absent in the structure of BArF (iii).[23] Recently, tris(perfluorotol-
yl)borane B[4-(CF3)C6F4]3 (vi, „BTolF“) was introduced as another

alternative to BCF (i), which comprises the highest Lewis acidity
amongst these polyfluorinated triarylboranes (Scheme 1).[24, 25]

In fact, the fluorine ion affinity (FIA), one of the criteria to eval-
uate the Lewis acidity, slightly exceeds that of the benchmark

SbF5 (493 kJ mol@1), which qualifies BTolF (vi, 499 kJ mol@1) as a
Lewis super acid.[26] One of the major drawbacks of these poly-
fluorinated boranes is their inherent affinity to (trace amounts
of) water. For instance, BCF (i) is known to form isolable water

Scheme 1. Polyfluorinated triarylboranes.
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adducts like (C6F5)3BOH2·L (L = nil, C6H5, tBuOH, 2H2O) and relat-
ed hydroxo-anions [(C6F5)3BOH]@ , [(C6F5)3B(m-OH)B(C6F5)3]@ and

[(C6F5)3B(OH)(H2O)B(C6F5)3]@ under ambient conditions.[27–33] At-
tempts to dehydrate these water adducts at elevated tempera-

tures are impaired by hydrolytic B@C bond cleavage and give
rise to [(C6F5)2BOH]3 and C6F5H.[34] Nonetheless, Lewis acid cata-

lyzed reactions under non-inert conditions have been demon-
strated for chlorinated arylboranes.[35]

While the known portfolio of polyfluorinated triarylboranes

allows some fine-tuning of their Lewis acidity and the accessi-
ble space around the boron atoms, neither of these Lewis
acids is sterically encumbered enough to form FLPs with small-
er Lewis bases, which motivated us to develop synthetic
routes for a set four bulky polyfluorinated m-terphenyldiaryl-
boranes.

The reaction of the lithium reagents 2,6-(C6F5)2C6F3Li[36] or

2,4,6-(C6F5)3C6H2Li[37] with the diarylchloroboranes (C6F5)2BCl[38]

and [3,5-(CF3)2C6H3]2BCl,[39, 40] respectively, provided the four

polyfluorinated triarylboranes 2,6-(C6F5)2C6F3B(C6F5)2 (1), 2,6-
(C6F5)2C6F3B[3,5-(CF3)2C6H3] (2), 2,4,6-(C6F5)3C6H2B(C6F5)2 (3),

2,4,6-(C6F5)3C6H2B[3,5-(CF3)2C6H3] (4) in good yields varying be-
tween 50 % and 67 % (Scheme 2).

Compounds 1–4 are characterized by very broad 11B NMR

resonance signals at d (CD2Cl2) 60.5 ppm (1), 68.3 ppm (2),
63.1 ppm (3), and 67.9 ppm (4) in the same range as other

fluorinated triarylboranes (59.1 ppm[40] for i, 68.1 ppm[20] for ii).
The 19F NMR spectra of 1–4 display somewhat broad, mostly

featureless resonance signals corresponding to the C6F5 aryl
groups attached to boron or in ortho position on the terphenyl

substituent. Despite this detail, the 19F NMR spectra indicate
that the molecular structures of 1–4 are symmetrical in solu-

tion and retain a significant of degree of fluxionality, the latter
being of importance in modulating the interaction between

the Lewis acidic boron centre and nucleophiles.
The molecular structures of 1–4 (Figure 1)[41] reveal that the

boron atoms adopt distorted trigonal bipyramidal arrange-

ments defined by a C3F2 donor set, with all C@B bonds dis-
posed co-planar and the interacting F atoms in axial positions.
All structures feature a set of two F···B interactions between
the F1 and F1i/F6, two fluorine atoms located in ortho position

on the flanking C6F5 groups of the terphenyl substituent, and
boron. Compounds 1 (F1···B1 2.681(2) a), and 3 (F1···B1

2.907(3) a, F6···B1 2.722(3) a) which have two C6F5 rings

bonded to boron have two relatively short contacts, while 2
(F1···B1 3.040(2) a, F6···B1 3.132(2) a), and 4 (F1···B1 3.247(2) a,

F6···B1 2.906(2) a), each having two 3,5-(CF3)2C6H3 rings at-
tached to boron, display larger F···B contact distances. From

this it becomes immediately obvious that the two very elec-
tron deficient C6F5 groups increase the Lewis acidity at boron

significantly more than the two 3,5-(CF3)2C6H3 aryl groups,

while the impact of the terphenyl used is more subtle, 2,6-
(C6F5)2C6F3 appearing to have a slightly more electron with-

drawing effect on boron compared with 2,4,6-(C6F5)3C6H3.
The acceptor numbers determined according to the Gut-

mann-Beckett method (using Et3PO in CD2Cl2) indicate that 1
(AN 87) is the most Lewis acidic borane in the series, while 2,

and 3 (AN 85) are only slightly less acidic. Thus 1–3 display

Lewis acidities between those of BF3 (AN 89[42]) and B(C6F5)3

(AN 82[15]). It was not possible to determine the acceptor

number of 4 as the 31P NMR spectrum indicated two very
broad signals at room temperature and a number of resonance

signals at low temperature (see Supporting Information), indi-
cating a dynamic process. However, from the fact that the

chemical shifts of the two broad resonances at room tempera-

ture (ca. 76, and 57 ppm) are at lower frequencies than in the
case of complexes of 1–3 with Et3PO, we can speculate that

the acceptor number of 4 and its Lewis acidity are the smallest
in this series.

Unlike the previously known polyfluorinated boranes, such
as BCF (i),[27–33] 1–4 are air and water tolerant in solid state and

can be safely stored in air for at least several weeks. The bor-
anes 1–4 were isolated free of water after work-up protocols
of the crude reaction mixtures in open atmosphere that even
involved the washing of the organic layers (CH2Cl2, toluene)
with water. However, a subtle difference was observed for 1
and 3 when acetone was used as solvent. In this case, hydrates
are indeed formed. The molecular structure of 1·H2O·2(CH3)2CO

(Figure 1) shows that the boron atom adopts a distorted tetra-

hedral C3O coordination environment. Two acetone molecules
are involved in hydrogen bonding with the water molecule co-

ordinated to boron. The O@B bond length (1.588(2) a) is only
marginally longer than that of (C6F5)3BOH2·2 H2O (1.577(1) a).[27]

Although NMR spectroscopy indicated the formation of a pre-
sumably similar hydrate of 3 (see Supporting Information),Scheme 2. Synthesis of bulky polyfluorinated triarylboranes 1–4.
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crystals suitable for the determination of its molecular struc-

ture by X-ray diffraction were not obtained. The dehydration
of these water adducts was easily achieved at reduced pres-

sure (room temperature). For compounds 2 and 4 formation of
hydrates was not observed in acetone or other solvents.

In order to evaluate the Lewis acidity of 1–4, i–vi and refer-
ence Lewis acids SbF5 and AlCl3, fluoride ion affinity (FIA) and
hydride ion affinity (HIA) values have been computed at MP2/

6–311 + + G(2d,2p)//M06-2X/6–311 + + G** level of theory,
using isodesmic reactions Scheme (Figure 2).[43]

Both FIA and HIA values are slightly larger than literature
values,[44, 45] but the difference does not exceed 10 kJ mol@1. Ac-

cording to the computed FIA and HIA values, the Lewis acidity

decreases in the order 2>4>1>3, which somewhat differs
from the results of the Gutmann-Beckett method. Overall,

these values lie between those of the previously known poly-
fluorinated triarylboranes i–vi, which is potentially useful if

fine-tuning of the Lewis acidity is needed. In more detail, the
bulky 2,4,6-(C6F5)3C6H2 substituent lowers FIA by 22 kJ mol@1

Figure 1. Molecular structures of 1–4 and 1·H2O·2(CH3)2CO showing 30 % probability ellipsoids and the essential atom numbering scheme, and projection of
the calculated electrostatic potential onto a 0.025 ē·bohr@3 isodensity surface for the gas phase optimized geometries of 1–4 (M06-2X/6–311 + + G** level of
theory). For clarity, all hydrogen atoms except for those of the H2O molecule coordinated to boron in compound 1·H2O·2(CH3)2CO were omitted. Symmetry
equivalent atoms are designated with superscript i (1@x, y, 0.5@z). Selected bond parameters [a, 8] for 1: C1@B1 1.569(5), C11@B1 1.576(4), F1···B1 2.681(2),
C1@B1@C11 120.2(2), C11@B1@C11i 119.7(3) ; for 2 : C1@B1 1.576(3), C19@B1 1.564(2), C27@B1 1.562(2), F1···B1 3.040(2), F6···B1 3.132(2), C1@B1@C19 121.3(1), C1@
B1@C27 118.8(1), C19@B1@C27 119.9(2) ; for 3 : C1@B1 1.573(2), C25@B1 1.578(3), C31@B1 1.573(3), F1···B1 2.907(3), F6···B1 2.722(3), C1@B1@C25 120.3(2), C1@B1@
C31 120.5(2), C25@B1@C31 119.2(2) ; For 4 : C1@B1 1.575(2), C25@B1 1.575(2), C25@B1 1.567(2), C33@B1 1.559(2), F1···B1 3.247(2), F6···B1 2.909(2), C1@B1@C25
119.3(1), C1@B1@C33 121.3(1), C25-B1@C33 119.4(1) ; for 1·H2O·2(CH3)2CO: O1@B1 1.588(2), C1@B1 1.645(2), C19@B11.637(2), C25@B1 1.645(2), O1@B1@C1
110.0(1), O1@B1@C19 103.6(1), O1@B1@C25 102.5(1), C1@B1@C19 113.3(1), C1@B1@C15 109.7(1), C19@B1@C25 116.9(1), O1@H1A 0.90(2), O1@O3 2.625(1), O1@
H1B 0.92(2) O1@O2 2.612(1).

Figure 2. FIA and HIA values (in kJ mol@1) of 1–4 and related Lewis acids.
MP2/6–311 + + (2d,2p)//M06-2X/6-311 + + G** level of theory. Comparative
literature values are given in parentheses.
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with respect to C6F5 group; substitution of C6F5 by 2,6-
(C6F5)2C6F3 group lowers FIA by 10 kJ mol@1, while substitution

of C6F5 by 3,5-(CF3)2C6H3 group increases FIA by 13 kJ mol@1.
Thus, the largest cumulative effect is achieved in 2, which is

the strongest Lewis acids amongst 1–4. The molecular electro-
static potentials of 1–4 show that the Lewis acidic boron

atoms are effectively shielded from the direct attack of nucleo-
philes by bulky fluorinated substituents.

In summary, a series of bulky polyfluorinated triarylboranes

2,6-(C6F5)2C6F3B(C6F5)2 (1), 2,6-(C6F5)2C6F3B[3,5-(CF3)2C6H3] (2),
2,4,6-(C6F5)3C6H2B(C6F5)2 (3), 2,4,6-(C6F5)3C6H2B[3,5-(CF3)2C6H3] (4)
has been prepared and fully characterized. Our calculations in-
dicate that 1–4 are competent Lewis acids with FIA and HIA

values that compete with (and in some cases are higher than)
some of the classic boranes, such as B(C6F5)3 (i, „BCF“) and

B[3,5-(CF3)2C6H3]3 (iii, „BArF“). Unlike the latter, 1–4 are essential-

ly air-stable and water-tolerant. The major difference between
1–4 and previous known fluorinated boranes i–vi, however, is

the steric encumbrance of the boron atoms that is brought by
the bulky m-terphenyl substituents. We expect that these

properties will be very useful for applications in frustrated
Lewis pair (FLP) chemistry. We envisage FLP combinations of

bulky 1–4 and less bulky Lewis bases, such as Cy3P or Ph3P,

which give regular, inactive Lewis pairs with the previously
known polyfluorinated triarylboranes i–vi. We are currently in-

vestigating such FLPs for the activation of small molecules.
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