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The dinuclear bis(N-heterocyclic carbene) borane adduct 2
rapidly reacts with tritylium salts at room temperature but the
outcome is strongly impacted by the respective counter-ion.
Using tritylium tetrakis(perfluoro-tert-butoxy)aluminate affords
– depending on the solvent – either the bis(boronium) ion 4 or
the hydride-bridged dication 5. In case of tritylium hexafluor-
ophosphate, however, H/F exchange occurs between boron
and phosphorus yielding the dinuclear BF3 adduct 3 along with

phosphorus dihydride trifluoride. H/F exchange also takes place
when using the mononuclear N-heterocyclic carbene BH3

adduct 6 and hence provides a facile route to PH2F3, which is
usually synthesized in more complex reaction sequences
regularly involving toxic hydrogen fluoride. DFT calculations
shed light on the H/F exchange between the borenium ion and
the [PF6]

� counter-ion and the computed mechanism features
only small barriers in line with the experimental observations.

Introduction

Carbon-fluorine bond activation by reagents based on main-
group elements has drawn increasing attention in the past
decade[1] as fluorocarbons are present in a wide range of daily-
life products, fine chemicals, and pharmaceuticals.[2] In contrast,
the activation of non-carbon-fluorine bonds and fluoride trans-
fer from one main-group element to another is much less
explored but has recently gained in importance.[3] The good
availability of compounds possessing element-fluorine bonds
(E� F with E=main-group element but not carbon) holds
significant synthetic value and offers a wide range of
applications,[4] including the synthetic use to derive 18F-labelled
compounds to be applied in positron-emission tomography

(PET).[5] E� F bonds (including E=Al, B, P, Si) are among the
strongest known sigma bonds, which is why their activation is
often difficult to achieve. However, reports about B� F,[3c,6] P� F,[7]

Si� F[1e,8] as well as Sb� F[3c] bond activation are known in the
literature. Here, the activation of [SbF6]

� and [BF(C6F5)3]
� , which

are usually considered as inert, weakly-coordinating anions, by
Lewis acidic stibonium salts deserves particular attention[3c] as it
illustrates nicely the capabilities of strong Lewis acids.[9] The
capability of a Lewis acid to abstract an F� from the counter-ion
can be judged by its fluoride-ion affinity (FIA), which is also the
predominantly applied Lewis-acidity scale.[10] Among the variety
of Lewis acidic main-group element compounds, tri-coordinate
borenium ions (A, Figure 1) have been identified as valuable
catalysts and stoichiometric reagents,[11] but their potent
electrophilic nature may causes fluoride abstraction from [BF4]

�

and even from tetrakis[3,5-bis(trifluoromethyl)phenyl]-borate.[12]

N-heterocyclic carbene (NHC) stabilized borenium ions are
nowadays well established and their synthesis originates from
the respective borane adducts,[13] whereby hydride abstraction
gives rise to dinuclear hydride-bridged borenium cations (B)
and dications (C), respectively,[14] which are formed upon
dimerization of the mononuclear fragments.

Bis(N-heterocyclic carbene)s have been used to frame two
(or more) main-group elements within one molecule,[15] but
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Figure 1. General structure of mononuclear borenium ions (A) and the
dinuclear mono- (B) and dications (C); L=Lewis base such as an N-
heterocyclic carbene.
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only a few dinuclear bis(NHC) boranes have been reported in
the past.[16] We hence became interested in the synthesis of
dinuclear bis(NHC)� BH3 adducts and subsequent hydride-
abstraction reactions as the thus formed borenium centres
could possess intramolecular, intermolecular or no hydride-
bridges. Our findings on this and the crucial role of the counter-
anion are reported herein.

Results and Discussion

The dinuclear propylene-bridged bis(NHC) borane 2 is readily
available from the bis(imidazolium salt) 1, potassium
bis(trimethylsilyl) amide (KHMDS), and borane dimethyl sulfide
in reasonable yield of 56%. Subsequent reaction of 2 with two
equivalents of tritylium hexafluorophosphate, Scheme 1, causes
an instantaneous decolourization of the yellow solution. The
immediately recorded 1H NMR spectrum shows resonances
characteristic for triphenyl methane and an additional distinct
set of resonances accounting for the bis(NHC) framework.
However, both the 11B and 11B{1H} NMR spectra comprise only
one quartet at 0.1 ppm with a coupling constant of 36 Hz,
which is reminiscent of previously reported mononuclear
NHC� BF3 adducts.

[17] The formation of a bis(NHC� BF3) is further
evidenced by a quartet resonating at -133.7 ppm in the 19F NMR
spectrum, a value in the range typically reported for NHC� BF3
adducts,[6,17] and finally, by means of single-crystal X-ray
diffraction analysis; the molecular structures of 2 and 3 in the
solid state are given in Figure 2.

Notably, B� H free products were previously observed when
Lewis-base BH2R adducts (R=H, aryl) were reacted with tritylium
tetrafluoroborate.[18] In case of NHC� BH2Ar, Lacôte and co-
workers proposed an initial borenium ion formation, which
then abstracts a fluoride from [BF4]

� forming NHC� BHFAr and
BF3.

[18b] In case of electron-rich arenes, BHFAr is replaced by the
more Lewis-basic BF3, while with electron-poor arenes, free BF3
has been trapped with phenol and the thereby formed hydro-

gen fluoride gives rise to a subsequent acid-base reaction
forming NHC� BF2Ar. As the hexafluorophosphate anion is the
only conceivable fluorine source in here and as conceivable
phosphorus containing products may be volatile, the reaction
was repeated as in situ experiments in J. Young NMR tubes.
Inspection of the 31P spectrum reveals the absence of [PF6]

� , but
both the 31P and 31P{1H} spectra were rather complex showing
multiple signals ranging from � 238 to 197 ppm. Based on the
31P NMR spectra we assumed the formation of PHxF5-x deriva-
tives, which are known to readily react with glass forming a
variety of products.[19] Hence, we repeated the experiments in a
glovebox using a polypropylene vial and the solution was
immediately transferred to a thin-walled PTFE tube. Now, a
quartet of triplets at � 26.0 ppm (1JP-F=877 Hz, 1JP-H=850 Hz)
was observed in the 31P NMR spectrum, which collapsed to a

Scheme 1. Reaction of the bis(NHC) borane adduct 2 with tritylium hexafluorophosphate and with tritylium tetrakis(perfluoro-tert-butoxy)aluminate.

Figure 2. Solid-state structures (hydrogen atoms except the BH and a
second, disordered part of F4-F6 are omitted for the sake of clarity) with
selected bond lengths [Å] and angles [°] of a) 2: B1� C1 1.606(4), B1� H1B1
1.07(4), B1� H2B1 1.13(4), B1� H3B1 1.09(4), B2� C9 1.601(5), C1� B1� H1B1
106(2), H1B1� B1� H2B1 112(3); b) 3: B1� C1: 1.671(3), B1� F1: 1.376(3),
N2� C1� N1: 105.66(15), F1� B1� C1: 114.95(17), F1� B1� F2: 109.17(19).
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quartet upon proton-decoupling, Figures S32–S34, indicating
the presence of two P� H bonds. The in situ 1H NMR spectrum,
Figure S31, shows only three sets of signals, i. e., those
accounting for 3 and triphenylmethane, respectively, and a
doublet of quartet as expected for PH2F3. These data are in
good agreement with previously reported spectra[19b,20] and
dynamic NMR calculations[21] of PH2F3, and evidence that H/F-
exchange between the boron atoms of 2 and the phosphorus
centre of [PF6]

� gives rise to 3 and PH2F3 besides the formation
of triphenylmethane. As 3 was isolated in 93% yield, we also
attempted to quantify the formation of PH2F3, which is
challenging because of its low boiling point of 277 K and its
reactivity towards glassware. Hence, the in situ 1H NMR experi-
ments have been repeated at 233 K using the procedure
described above (PTFE tube and sample preparation in a
polypropylene vial but using CD2Cl2 as solvent) and tripheny-
lene has been added as an internal standard. Based on the
integrals of the undisturbed 1H NMR resonances, yields between
65 and 83% after 1 h could be recognized, Figures S36–37.

When performing the in situ experiments in acetonitrile-d3,
the respective 1H, 11B, 13C, 19F, and 31P NMR spectra obtained
immediately after sample preparation, Figures S38-S42, show
no evidence for the formation of either 3 or PH2F3. While the
starting material 2 is not fully consumed, formation of triphenyl-
methane is evidenced by the typical resonances in the 1H NMR
spectrum and the 11B NMR data hint towards the formation of a
boronium complex likely to be formed upon reaction of an
intermediary borenium ion with CD3CN (see below). The [PF6]

�

counter-ion appears to be intact according to its 31P NMR signal.
However, after 18 h, full consumption of 2 but also the
formation of 3 can be recognized from the 1H and 11B NMR
spectra, Figure S43–44.

As the [PF6]
� counter-ion appeared to be not suitable for

dinuclear boron cations, we next investigated the reactivity of 2
towards tritylium tetrakis(perfluoro-tert-butoxy)-aluminate,[22]

Scheme 1. Independent of the solvents used, i. e., CDCl3 or
CD3CN, the 1H, 11B, and 19F NMR spectra show no signals
accounting for the formation of 3. Instead, the observed
solvent-dependent 11B resonances, i. e., � 16.5 ppm in CDCl3 and
� 22.7 ppm in acetonitrile-d3, are reminiscent of borenium and
boronium ions, respectively.[14] After a short work-up, the
dinuclear dications 4 and 5 could be isolated in 81% and
quantitative yield, respectively, and the obtained single-crystals
allowed us establishing their molecular structures in the solid
state, Figure 3. Please note that a relatively high R-factor is

associated with these structures due to extensive disorder in
the tetrakis(perfluoro-tert-butoxy)-aluminate counter-ion. 4 fea-
tures a central B(μ-H)2B core and the tetrahedral coordination
environment of boron is completed by a terminal hydride and a
NHC unit each. In contrast to the previously reported
bis(borenium) ion formed upon dimerization,[14b] the two
terminal hydrides and the two NHC fragments are cis-oriented
with respect to each other. However, the intramolecular
formation of the B(μ-H)2B unit cannot compete with stabiliza-
tion gained by coordination to acetonitrile-d3, as evidenced by
the molecular structure of 5. Hence, 5 possesses two non-
bridged boronium ions which are four-fold coordinated by two
hydride ligands, one molecule of acetonitrile, and one NHC
unit, reminiscent of a previously reported boronium ion
stabilized by ammonia and an NHC.[23]

These experimental findings provide valuable insight into
the reactivity of bis(NHC)-stabilized bis(borenium) ions: i)
bis(borenium) ions formed by hydride abstraction have a
stronger fluoride-ion affinity (FIA) than PF5. ii) An NHC� PF5
adduct is not obtained although, based on computational[24,10]

and experimental[25] fluoride-ion affinity (FIA) scales, PF5 is the
stronger Lewis acid than BH3 or BF3 (and consequently the
intermediates BHxF3-x), which indicates kinetic stabilization. iii)
Donor solvents such as acetonitrile initially trap the formed
bis(borenium) as bis(boronium) ions, but subsequent reactions
with the [PF6]

� counter-ion take place. iv) C� F bond activation
of tetrakis(perfluoro-tert-butoxy)-aluminate by bis(borenium)
ions is not observed under the experimental conditions.

In order to check if the H/F exchange is limited to dinuclear
boranes based on bis(NHC)s, we also conducted in situ experi-
ments of tritylium hexafluorophosphate with 1,3-bis(tert-
butyl)imidazol-2-ylidene borane 6 and commercial borane
dimethyl sulfide complex 7, respectively, in CDCl3, Scheme 2. In
both cases, we could identify the BF3-containing products 8 and
9, respectively, based on their 1H, 11B, and 19F NMR spectra.[26]

However, the 31P NMR spectra differ to quite some extent: when
using the NHC borane 6, PH2F3 was identified as the major and
almost exclusive product, Figure S47, while the reaction with
borane dimethyl sulfide complex gives rise to a complex
mixture with only small amounts of PH2F3, Figure S51. In
consequence and although not commercially available, 6 is the
better source to generate PH2F3 using the protocol reported in
here.

Aiming to rationalize the experimental findings, the reaction
of 6 with tritylium hexafluorophosphate was modelled by

Figure 3. Solid-state structures of a) 4 and b) 5 (counter-ions and hydrogen atoms except the BH are omitted for the sake of clarity). Selected bond lengths [Å]
and angles [°] of: (a) 4: B1� C1 1.566(6), B2� C9 1.573(5), B1� H1B1 1.06(4), B1� H2B1 1.30(3), H1B1� B1� H2B1 111(3); (b) 5: B1� C1 1.608(4), B2� C9 1.612(4),
B1� H1B1 0.990(3), B1� H2B1 0.990(3), B1� N5 1.573(4), H1B1� B1� H2B1 108.2(3), C1� B1� N5 109.5(2).
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means of density functional theory (DFT) calculations at the
BP86(GD3-BJ)/aug-cc-pVTZ level of theory.[27] Notably, hydride
transfer from amine boranes to carbenium ions has been
studied experimentally before and was found to proceed
through a polar mechanism, in which the migrating hydride is
partly bound to both the boron and the carbon atom in the
postulated transition structure.[28]

Mechanistically, the reaction consists of a series of three
fluoride-ion transfer steps, which are subsequently discussed
next, Figure 4 and S54 as well as Table S2. After the initial
formation of a borenium ion, association of PF6 yields the
encounter complex Int1, in which one of the P� F bonds is
activated upon coordination to the borenium centre as
illustrated by elongation of the respective P� F bond (1.93 Å).
P� F bond cleavage occurs via the transition structure TS1 and
the resulting PF5 fragment is simultaneously transferred onto a
neighbouring boron bound hydride. Please note that this step,
associated with a free energy of activation of 45.8 kJmol� 1, is
the energetically most demanding on the potential-energy
surface towards the product complex Prod and in consequence,
rate limiting. In the thus formed intermediate (Int2), the
B� H···PF5 unit resides in the plane of the NHC and steric
repulsion of the neighbouring tert-butyl groups prevent an
extensive P� H interaction as shown by an elongated bond
distance of 1.70 Å. In order to facilitate the dissociation of the
PHF5 fragment, the boron unit is rotated about the C� B bond

(TS2, 8.0 kJmol� 1) to a more favourable position between the
tert-butyl groups (Int3), resulting in a shorter P� H bond of
1.58 A. Finally, PHF5 is released from the borenium centre via
TS3 (16.9 kJmol� 1) yielding the weakly associated intermediate
complex Int4, which formation is overall exergonic by
35.2 kJmol� 1 relative to Int1.

The thus formed PHF5 has two different kinds of fluorine
atoms, i. e., cis or trans oriented with respect to the proton, and
two mechanistic scenarios for the second H/F exchange might
be operative: Both pathways are associated with small barriers
that are lower in free energy than the preceding TS1, which is
why a differentiation is not possible. Furthermore, as both
scenarios are mechanistically comparable, only the cis pathway,
Figure 4, is discussed next while the discussion of the trans path
is described in the Supporting Information. Abstraction of a cis
fluoride originates from the related encounter complex Int5cis
(� 78.8 kJmol� 1 relative to Int1) in which a cis fluoride is
directed towards the borenium centre. From here, B� F bond
making and P� F bond breaking take place via TS5cis, associated
with only a small barrier of 11.5 kJmol� 1 affording Int6cis in
which the PHF4 unit is weakly associated with the thus formed
NHC-stabilized BHF2 centre. Rotation of the PHF4 moiety in such
a way that the P-bound hydrogen atom can form a hydrogen
bond with the abstracted F is associated with a marginable
barrier of 4.2 kJmol-1 (TS6cis) yielding Int7cis. Further rotation of
the PHF4 fragment via TS7cis causes a pre-orientation of the
remaining B-bound hydride onto the axial position of PHF4
whilst keeping the PH···F hydrogen bond intact and forming
Int8cis. In order to cleave off PH2F4, rotation of the BF2-H···PHF4
unit (TS8cis) is necessary affording Int9cis, from which B� H bond
breaking and P� H bond making finally proceeds via TS9cis by
formation of the associate complex Int10cis. From here, a final
P� F bond activation step (TS10cis) associated with fluoride
transfer from phosphorus to the borenium centre gives the
product complex Prod consisting of 8 and PH2F3, in which both
hydrogen atoms reside in equatorial position. The overall

Scheme 2. Reactions of Lewis-base stabilized boranes 6 and 7 with tritylium
hexafluorophosphate.

Figure 4. Schematic potential-energy surface with Gibbs free energies (given in kJmol� 1) calculated at the BP86(GD3BJ)/aug-cc-pVTZ level of theory for the
formation of 8; the energy values are given in Table S2 and the pathway of the abstraction of the trans hydrogen of PHF4 is shown in Figure S56.
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process in going from Int1 to Prods is exergonic by
� 189.2 kJmol� 1.

Conclusions

In summary, the unprecedented dinuclear bis(boronium) ion 4
and the dicationic hydride-bridged compound 5 are syntheti-
cally accessible by reacting tritylium tetrakis(perfluoro-tert-
butoxy)-aluminate with the bis(NHC)� BH3 adduct 2 in dichloro-
methane and acetonitrile, respectively. In contrast, performing
the reaction with tritylium hexafluorophosphate gives rise to
PH2F3 and the dinuclear boron trifluoride complex 3. Clean H/F
exchange is also observed when reacting the readily available
mononuclear NHC� BH3 adduct 6 with tritylium hexafluorophos-
phate while the reaction with the commercially available
borane dimethyl sulfide complex 7 gives complex reaction
mixtures. Hence, the protocol involving 6 and [CPh3][PF6] offers
a convenient synthetic route towards PH2F3 and does not
require aggressive or toxic reagents. In view of the previously
reported syntheses of PH2F3 that include the reaction of HF with
either H3PO2 or H3PO2,

[19a,29] reactions of (CH3)3SnH with PF5
[19b]

or reactions of NaH2PO2 with HSO3F,
[30] phosphorus dihydride

trifluoride is accessible in a safer and greener fashion.
Furthermore, as the fluoride transfer is fast, it might be suitable
to access 18F-labelled Lewis-base stabilized BF3 adducts starting
from 18F-hexafluorophosphate,[31] and may be hence suitable for
application in PET imaging,[32] where the moderate half-life of
18F (109.8 min) necessitates facile procedures. The underlying
reaction mechanism have been investigated by means of DFT
calculations and the conceivable pathways for the H/F
exchange between the borenium ion and [PF6]

� are associated
only with small barrier according to the calculations.

Experimental and Computational Section

General experimental procedure

All preparations were performed under an inert atmosphere of
dinitrogen by means of Standard Schlenk-line or glovebox (GS-
Systemtechnik and MBraun) techniques. Ethylene glycol dimethyl
ether, toluene and n-hexane were used as p.a. grade and distilled
from Na/benzophenone prior to use. Acetonitrile and dichloro-
methane were used as p.a. grade and distilled from calcium hydride
and phosphorus pentoxide, respectively. Acetonitrile-d3, bromoben-
zene, and CDCl3 were dried over molecular sieves (3 Å) prior to use.
Borane dimethyl sulfide and triphenylcarbenium hexafluorophos-
phate were obtained from Sigma Aldrich while triphenylcarbenium
tetrakis(perfluoro-tert-butoxy)aluminate was received from Ionic
Liquid Technologies (IoLiTec) GmbH. tert-butyl imidazole and 1,3-
bis(tert-butyl)imidazol-2-ylidene borane were synthesized according
to literature procedures.[33]

Synthesis

1: The synthesis was performed according to a modified literature
procedure,[34] i. e., tert-butyl imidazole (18.26 g, 147 mmol) and 1,3-
dibromopropane (7.5 mL, 74 mmol) were dissolved in THF (50 mL)
and heated to reflux. A colourless solid precipitated from the

solution and the reaction was stopped after 20 h. The solids were
filtered off and dried in vacuum yielding a colourless solid; 32.98 g,
74 mmol, 99%. The 1H and 13C{1H} NMR spectra were in accordance
with the literature:3 1H NMR (400 MHz, CDCl3) δ=1.70 (s, 18 H), 2.99
(quin, J=7.53 Hz, 2 H), 4.73 (t, J=7.60 Hz, 4 H), 7.37 (t, J=1.90 Hz, 2
H), 8.17 (t, J=1.75 Hz, 2 H), 10.31 (t, J=1.61 Hz, 2 H). 13C{1H}-
APT NMR (151 MHz, CDCl3) δ=30.0 (+ , CH3, tBu), 31.0 (quaternary,
tBu), 46.9 (� , CH2), 60.4 (� , CH2), 118.9 (+ , CH), 123.9 (+ , CH), 135.2
(� , NC(H)N). ATR-IR [cm� 1]=3388.15, 3337.83, 3263.28, 3134.69,
3063.87, 2970.69, 1647.48, 2877.50, 1559.89, 1552.44, 1457.39,
1375.39, 1241.20, 1205.79, 1136.84, 1121.93, 827.47, 812.56, 767.83,
751.06, 656.01. ESI(+)HRMS: calcd. C17H30N4

2+ [M]2+ 145.1230, found
145.1231.

2: Bis(imidazolium salt) 1 (4.13 g, 9.2 mmol) and sodium bis(trimeth-
ylsilyl)amide (3.70 g, 20.24 mmol) were added to a Schlenk flask
and cooled to � 50 °C. Ethylene glycol dimethyl ether (40 mL) was
added and the resulting suspension was warmed to room temper-
ature and stirred for two hours. Then, the solvent was evaporated
and the residue was treated with toluene (15 mL) and hexane
(50 mL). The resulting suspension was stirred for 5 min, then, the
solids were allowed to settle down and the supernatant was
filtrated. This extraction procedure was repeated for one time.
Borane dimethyl sulfide (1.75 mL, 18.4 mmol) was added to the
filtrate causing incipient precipitation of a colourless solid. This
suspension was stirred for one hour at room temperature before
the solids were filtered off and recrystallized from ethanol. 2 was
obtained as colourless, needle-shaped crystals suitable for x-ray
analysis. 1.62 g, 5.12 mmol, 56%. 1H NMR (400 MHz, CDCl3) δ=

0.81–1.62 (m, 6H), 1.73 (s, 18H), 2.29–2.42 (m, 2H), 4.14–4.30 (m,
4H), 6.88 (d, J=2.05 Hz, 2H), 6.98 (d, J=2.05 Hz, 2H). 1H{11B} NMR
(400 MHz, CDCl3) δ=1.01–1.49 (m, 6H), 1.73 (s, 18H), 2.35 (quin, J=

7.41 Hz, 2H), 4.22 (t, J=7.34 Hz, 4H), 6.88 (d, J=2.05 Hz, 2H), 6.98
(d, J=2.05 Hz, 2H). 11B NMR (128 MHz, CDCl3) δ= � 34.20 (q, J=

86.86 Hz). 11B{1H} NMR (128 MHz, CDCl3) δ= � 34.19 (s).13C{1H}-
APT NMR (101 MHz, CDCl3) δ=29.6 (� , CH2) 29.7 (+ , CH3, tBu) 46,0
(� , CH2) 59.2 (quaternary, tBu), 116.6 (+ , CH) 118.1 (+ , CH). ATR-IR
[cm� 1]=3171.96, 3140.28, 2978.14, 2966.96, 2918.51, 2879.37,
2359.40, 2279.27, 2227.08, 1483.48, 1466.71, 1425.71, 1397.75,
1388.43, 1366.07, 1339.98, 1271.02, 1228.16, 1215.11, 1192.75,
1164.79, 1123.79, 1095.84, 1071.61, 1054.84, 1032.47, 929.97,
874.06, 749.20, 706.33, 656.01. ESI(+)HRMS: calcd. for C17H33B2N4

[M� H� ]+ 315.2886, found 315.2891.

3: 2 (173.0 mg, 0.55 mmol) was dissolved in 5 mL of dichloro-
methane and added to a Schlenk flask containing triphenylcarbe-
nium hexafluorophosphate (425.0 mg, 1.09 mmol). Gas evolution
was observed and the yellow reaction mixture turned colourless
within one minute. 1H, 11B, and 13C NMR analysis confirmed full
conversion of 2 to the product 3. Colourless needle-shaped crystals
suitable for x-ray analysis were grown from the DCM solution by
layering with n-hexane; 216 mg, 0.51 mmol, 93%. 1H NMR
(400 MHz, CDCl3) δ=1.73 (s, 18H) 2.48 (quin, J=7.45 Hz, 2H) 4.13–
4.61 (m, 4H) 7.06 (d, J=2.05 Hz, 2H) 7.15 (d, J=2.05 Hz, 2H). 1H {11B}
NMR δ=1.73 (s, 18 H) 2.48 (quin, J=7.41 Hz, 2H) 4.39 (t, J=7.48 Hz,
4H) 7.06 (d, J=1.76 Hz, 2H) 7.15 (d, J=1.76 Hz, 2H). 11B NMR
(128 MHz, CDCl3) δ= � 0.13 (q, J=35.60 Hz). 11B{1H} NMR (128 MHz,
CDCl3) δ= � 0.13 (q, J=36.00 Hz). 13C-APT NMR (101 MHz, CDCl3)=
30.5 (+ , CH3, tBu) 31.9 (quaternary, tBu), 47.6 (� , CH2) 60.89 (� ,
CH2) 118.48 (+ , CH) 120.15 (+ , CH). 19F NMR (376 MHz, CDCl3) δ=

� 133.73 (br dd, J=70.64, 33.91 Hz). ATR-IR [cm� 1]=3190.6, 3151.5,
3125.4, 2970.7, 2940.9, 1477.9, 1425.7, 1237.5, 1222.6, 1207.7,
1198.3, 1155.5, 1062.3, 1030.6, 918.8, 883.38, 725.0. ESI(+)HRMS:
calcd. For C17H29BF3N4

+ [M� BF3+H+]+ 357.2432, found 357.2436,
calcd. for C17H28B2F6N4Na

+ [M+Na+]+ 447.2296 found 447.2306.
Elemental analysis, calcd. for C17H28B2F6N4, C 48.15, H 6.66, N 13.21,
found C 47.95, H 6.71, N 12.88.
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4: 2 (38.3 mg, 0.12 mmol) was dissolved in 5 mL of dichloro-
methane and a solution of triphenylcarbenium tetrakis(perfluoro-
tert-butoxy)aluminate (293.0 mg, 0.82 mmol) in 5 mL of dichloro-
methane was added. The yellow colour of the reaction mixture
disappeared within seconds. The solvent was removed en vacuo,
the remaining colourless solid was washed three times with n-
hexane (3 mL each) and dried in vacuum; 269 mg, 0.12 mmol,
quantative. Crystals suitable for X-ray analysis were obtained from a
concentrated bromobenzene solution upon storage at
� 39 °C.1H NMR (400 MHz, CDCl3) δ=1.77 (s, 18H), 2.38 (dt, J=10.89,
5.52 Hz, 2 H), 2.44–3.38 (m, 3H), 4.07 (br s, 4 H), 7.07 (d, J=2.05 Hz,
2 H), 7.37 (d, J=2.05 Hz, 2H).1H{11B} NMR (400 MHz, CDCl3) δ=1.77
(s, 18H), 2.38 (dt, J=10.49, 5.47 Hz, 2H), 2.69 (br s, 4H), 4.08 (br s,
4H), 7.07 (d, J=1.76 Hz, 2H), 7.38 (d, J=1.76 Hz, 2 H).11B NMR
(128 MHz, CDCl3) δ=16.5 (br s). 11B{1H} NMR (128 MHz, CDCl3) δ=

16.5 (s). 13C-APT NMR δ=30.1 (+ , CH3, tBu) 32.4 (quaternary, tBu),
43.2 (� , CH2) 61.3 (� , CH2) 119.0 (+ , CH) 120.6 (+ , CH), 121.2 (� , q,
J=294.0 MHz, CF3). ATR-FTIR [cm� 1]=2991.19, 2948.32, 2512.23,
2465.63, 2361.27, 2338.90, 1351.16, 1297.11, 1272.89, 1230.02,
1207.66, 1166.66, 1107.02, 967.24, 831.20, 724.97.

5: 2 (14.8 mg, 0.047 mmol) was dissolved in 3 mL of deuterated
acetonitrile and a solution of triphenylcarbenium tetrakis(perfluoro-
tert-butoxy) aluminate (113.3 mg, 0.94 mmol) in 3 mL of deuterated
acetonitrile was added. Gas evolution was observed and the yellow
reaction mixture turned colourless within seconds. The solvent was
removed en vacuo, the remaining colourless solid was washed three
times with n-hexane (3 mL each) and dried in vacuum; 89.2 mg,
0.038 mmol, 81%. Colourless needle-shaped crystals suitable for an
X-ray analysis were grown from the NMR sample upon layering the
CD3CN solution with n-hexane and storage at � 40 °C. 1H NMR
(400 MHz, CD3CN) δ=1.70 (s, 18H) 2.24–2.37 (m, 2H) 4.15–4.30 (m,
4H) 7.30 (d, J=2.05 Hz, 2H) 7.45 (d, J=2.05 Hz, 2H). 1H{11B} NMR
(400 MHz, CD3CN) δ=1.70 (s, 18H), 2.32 (quin, J=7.56 Hz, 2H), 2.66
(br s, 4H), 4.24 (t, J=7.48 Hz, 4H), 7.30 (d, J=2.05 Hz, 2H), 7.45 (d,
J=2.05 Hz, 2H). 11B NMR (128 MHz, CD3CN) δ= � 22.68 (br s). ATR-
FTIR [cm� 1]=2985.60, 2950.19, 2361.27, 2337.04, 1351.16, 1297.11,
1272.89, 1239.34, 1207.66, 1166.66, 1107.02, 967.24, 831.20, 754.79,
724.97, 698.88.

Deposition Numbers 2090256 (for 2), 2090257 (for 3), 2090258 (for
4), 2090259 (for 5) contain the supplementary crystallographic data
for this paper. These data are provided free of charge by the joint
Cambridge Crystallographic Data Centre and Fachinformationszen-
trum Karlsruhe Access Structures service.
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