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Perfluoro-1,10-biphenyl and perfluoronaphthalene
and their derivatives as p-acceptors for anions†

Hai Yi,a Markus Albrecht,*a Arto Valkonenbc and Kari Rissanenb

Addition of anions to perfluorinated 1,10-biphenyl 1 or naphthalene 2 results in a shift of the 19F NMR

signals. However, any specific interaction cannot be assigned to this effect. In order to study the

interaction in more detail, the salt derivatives 3 and 4 were prepared and studied by single crystal X-ray

diffraction revealing weak anion–p interactions in the solid state.

Introduction

The study of anion–p interactions, an attractive interaction between
anions and electron-deficient arenes, is a very recent research topic
in supramolecular chemistry. Although anion–p interactions are
observed in Nature, they have not been brought to the forefront of
research earlier than in the 1990s.1,2 Recently, investigations on
anion–p interactions have advanced significantly both computation-
ally and experimentally.3 One of the most significant tasks in this
field is the design and synthesis of receptors acting as anion–p hosts.
Anion–p interactions have a major influence on the formation of
specific structures in the solid state.4 In solution the contribution of
this interaction together with other attractive forces seems to play a
role.5 In the crystal anion–p interactions are even able to be a driving
force for the stabilization of highly reactive species.6 However, the
anion–p interactions are elusive and difficult to study due to
numerous competing other non-covalent interactions (e.g., hydrogen
and halogen bonds, p–p and C–H–p interactions, etc.).

Fluorine is the most electronegative element and as a sub-
stituent in hexafluorobenzene induces a large positive quadrupole
moment (Qzz (C6F6) = +9.50 B).7 Thus, it is not surprising that
electron-deficient fluorinated arenes act as p-acceptors for a
multitude of anions.8

Previously, we have systematically studied several anions
manifesting p interactions when the pentafluorophenyl group
was utilized as the p-acceptor.9

In this contribution we report an extension to the anion–p
hosts by introducing two new electron-deficient fluorinated
aromatic motifs: perfluoro-1,10-biphenyl (PFBP) and perfluoro-
naphthalene (PFN) (Scheme 1). Solution studies of the parent
compounds (1 and 2) as well as the solid state studies of their
methylene DABCO bromide salts (3 and 4) are performed.

Recently, PFBP and PFN are widely used in the areas of
materials science, environmental science, crystal engineering,
fuel cells, as well as supramolecular chemistry.10 However, until
now PFBP and PFN have not been systematically used in the
studies of anion–p interactions.11

Results and discussion
Solution studies with perfluoro-1,10-biphenyl (PFBP, 1) and
perfluoronaphthalene (PFN, 2) as anion receptors

The anion binding behaviour of the electron deficient 1 and 2 was
investigated in CDCl3 by room temperature NMR-titrations with
various anions as their tetrabutylammonium (TBA) salts (TBA�Cl,
TBA�Br, TBA�F, TBA�I, TBA�NO3 and TBA�BF4). As representative

Scheme 1 Perfluorinated aromatic receptor compounds (1 and 2) and their
methylene DABCO bromide salts (3 and 4) investigated in the present study.
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examples, the 19F NMR spectra for the titrations of PFBP (1)
with TBA bromide (top) and tetrafluoroborate (bottom) are
shown in Fig. 1. Similar spectra are observed in all titrations
for both 1 and 2 (see ESI†).

Addition of a small amount of the respective salt does not
lead to significant shift differences in the 19F NMR spectra of
the perfluorinated compounds. Addition of six equivalents or
more reveals some significant high field shifting of the fluoride
signals. However, this cannot be correlated with some specific
binding between the aromatics and the salts; a more or less
linear relation between salt addition and peak shifting is found.

Nevertheless, there are two remarkable features when comparing
the two sets of spectra shown in Fig. 1 which are worth mentioning.

1. Addition of the spherical easily polarizable bromide anion
results in a more pronounced shifting of the aromatic fluorine
resonances compared to the shifting detected upon addition of
the ‘‘less coordinating’’ tetrafluoroborate anion.

2. The fluoride resonance of the tetrafluoroborate anion is also
dependent on the ratio between the electron deficient aromatic and
the anion. Upon addition of salt (reducing the amount of PFBP vs.
salt) a low field shift of the BF4

� resonance is observed.
Based on the described results we conclude that upon

addition of the tetrabutylammonium salts, an interaction is
taking place with the perfluoroaryl derivative. Shifting in the

case of the BF4
� addition rules out the formation of a Meisenheimer

type complex. Due to the electron deficient nature of the aromatic
ring systems, interaction with the anion by anion–p interactions
is feasible. However, the results obtained do not allow any final
quantitative or even qualitative interpretation of the nature of
the interaction in solution.

Crystal structures of the bromide salts 3 and 4

In order to get some insight into the anion–p interactions of PFBP
or PFN units in the solid state, the bromide salt derivatives 3 or 4
were prepared (Scheme 2). The cationic DABCO methylene unit
was chosen as a substituent according to our earlier systematic
studies with related pentafluorophenyl derivatives.12

Bromides 3 or 4 were synthesized from the parent com-
pounds 1 and 2 as shown in Scheme 1. In both cases a similar
reaction protocol was followed. Initially the perfluoroaromatic
cores were methylated twice (for 1) or once (for 2), respectively,
to obtain the methyl derivatives 5 and 7. Bromination of the
latter utilizing NBS in tetrachloromethane afforded the corre-
sponding bromomethyl derivatives 6 and 8. Addition of DABCO
resulted in the formation of the bromide salts 3 and 4 by
nucleophilic substitution reaction.

The bromides 3 and 4 crystallize well and allow the determina-
tion of their single crystal X-ray structures. The dicationic PFBP
derivative 3 was crystallized by diffusing Et2O into the methanol
solution of 3. The salt crystallizes in the chiral space group C2 with
only a half molecule in the asymmetric unit. The perfluorobiphenyl
system has a torsional angle between the planes of the two phenyl
units of 49.4(13)1 (Fig. 2).

The two DABCO-methylene substituents of 3 are anti-orientated
with respect to the biphenyl unit. The bromides are slightly
disordered (92 : 8) over two positions and related by symmetry

Fig. 1 19F NMR spectra for the titration experiment of PFBP (1) with TBA
bromide (top) and tetrafluoroborate (bottom).

Scheme 2 Preparation of 3 and 4.
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(two-fold axis perpendicular to b). They are located close to the
corresponding cationic parts interacting weakly with a-hydrogens
of the DABCO unit (Br� � �H = 2.85, 2.88 Å, distances from the
92% component Br). Due to the torsion of the biphenyl units,
the bromide anions are not located on top of the centre of the
aromatic units, but in contrast to the related pentafluorophenyl
derivative,12 are situated at the rim of the perfluorobenzene
ring with distances of 3.624(7), 3.640(7), 3.899(7) and 3.917(6) Å
to close CF carbon atoms. This indicates an attractive anion–p
interaction resulting in a Z4-type interaction of the anion
towards the tetrafluorophenyl unit. In addition weak inter-
molecular Br� � �H interactions (2.75–2.91 Å) with neighbouring
DABCO moieties take place.

Crystals of the PFN-derivative 4 were obtained from methanol
by slow evaporation (space group Pbca) as methanol solvate. The
bromide ion has several weak contacts with DABCO units of
adjacent cations and the cocrystallized methanol molecule is also
hydrogen bonded to it (H� � �Br = 2.39(2) Å; O� � �Br = 3.228(4) Å,
1731). One of the cationic units interacts by means of CH� � �Br
hydrogen bonds (2.79 and 3.06 Å) with the anion while additional
attractive interactions occur by means of anion–p interactions.
Again the anion is not located on top of the perfluoronaphthyl
ring but is located close to the a and b carbon atom of the ring
system bearing the DABCO methylene unit (Z4-type; Br–C =
3.571(5), 3.638(4), 3.870(4) and 3.738(5) Å) (Fig. 3).

Conclusions

Herein, we demonstrated that electron deficient fluorinated
biphenyl or naphthyl units can act as p-acceptors for anions.
Solution studies show significant 19F NMR shifts upon addition
of tetrabutylammonium salts with various anions to the parent
compounds PFBP 1 or PFN 2. The underlying interactions
are not specific but might be due to anion–p interactions.

Crystal structure analyses of the salt derivatives 3 and 4 clearly
indicate four positive interactions between bromide ions and
the electron deficient aromatics. Due to the symmetry of the
aromatic parts, a Z4-type orientation of the bromide towards
the rings is observed in both cases. The present work has some
relevance in the search for anion receptors utilizing anion–p
interactions as one attractive energy contribution to selectively
bind negatively charged species. It shows that this concept is not
restricted to singular aromatic systems (e.g. pentafluorophenyl)
but can be found for a broad variety of electron deficient
rings. In addition our work might give further evidence for
possible interaction modes of fluorinated derivatives, e.g. in
medicinal chemistry.13
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A. Lüchow, J. Am. Chem. Soc., 2008, 130, 4600;
(b) M. Albrecht, M. Müller, O. Mergel, A. Valkonen and
K. Rissanen, Chem. – Eur. J., 2010, 16, 5062; (c) M. Giese,

M. Albrecht, C. Banwarth, G. Raabe, A. Valkonen and
K. Rissanen, Chem. Commun., 2011, 47, 8542; (d) M. Giese,
M. Albrecht, G. Ivanova, A. Valkonen and K. Rissanen,
Supramol. Chem., 2012, 24, 48; (e) M. Giese, M. Albrecht,
A. Valkonen and K. Rissanen, Chem. Sci., 2015, DOI:
10.1039/C4SC02762K.

10 (a) A. J. Ilott, S. Palucha, A. S. Batsanov, M. R. Wilson and
P. Hodgkinson, J. Am. Chem. Soc., 2010, 132, 5179;
(b) M. J. Molski, M. A. Khanfar, H. Shorafa and K. Seppelt,
Eur. J. Org. Chem., 2013, 3131; (c) K. Kasai and M. Fujita,
Chem. – Eur. J., 2007, 13, 3089; (d) J. C. Collings, K. P. Roscoe,
R. Ll. Thomas, A. S. Batsanov, L. M. Stimson, J. A. K. Howard
and T. B. Marder, New J. Chem., 2001, 25, 1410; (e) D. W. Shin,
S. Y. Lee, C. H. Lee, K. Lee, C. H. Park, J. E. McGrath,
M. Zhang, R. B. Moore, M. D. Lingwood, L. A. Madsen,
Y. T. Kim, I. Hwang and Y. M. Lee, Macromolecules, 2013,
46, 7797; ( f ) Y. Chen, C. H. Lee, J. R. Rowlett and
J. E. McGrath, Polymer, 2012, 53, 3143; (g) T. Öberg and
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