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Crystal structure of 72,73,75,76-tetrafluoro-25,44-di-
methyl-31,33,36,38-tetraoxo-31,32,33,36,37,38-hexa-
hydro-3(2,7)-benzo[lmn][3,8]phenanthrolina-1,5(4,1)-
dipyridin-1-iuma-2,4(1,2),7(1,4)-tribenzenacyclo-
octaphane-11,51-diium hexafluoridophosphate,
[C46H28F4N4O4][PF6]2, a dicationic cyclophane
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Abstract
C46H28F16N4O4P2, monoclinic, P21/n (no. 14), a = 9.3041(2) Å,
b = 22.4679(5) Å, c= 19.9446(3) Å,β = 98.154(2)°,V = 4,127.14(14) Å3,
Z = 4, Rgt(F ) = 0.0478, wRref(F2) = 0.1411, T = 173(2) K.

CCDC no.: 1870927

Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

1 Source of materials

Bis(4-methyl-2-(4-pyridyl)phenyl)-naphthalenediimide (156mg,
0.26mmol) and 1,4-bis(bromomethyl)tetrafluorobenzene
(87mg, 0.26mmol) were stirred in acetonitrile at 60 °C for 4 h
undernitrogenprotection. Theyellowprecipitatewas collected
by vacuum filtration and dissolved inwater.When a saturated
aqueous solution of ammonium hexafluorophosphate was
added to the reaction mixture, the resulting precipitate was
filtered off and then washed with deionized water. The
precipitate was dried to afford yellowish solids. Single
crystals were grown by slow diffusion of diethyl ether into
an acetonitrile solution over 7 days of 72,73,75,76-tetrafluoro-

Table : Data collection and handling.

Crystal: Colorless prism
Size: . × . × .mm
Wavelength: Cu Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: RIGAKU XtaLAB P, φ and ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, ,, .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), ,
N(param)refined: 

Programs: Bruker, SHELX,, Olex
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25,44-dimethyl-31,33,36,38-tetraoxo-31,32,33,36,37,38-hexahy-
dro-3(2,7)-benzo[lmn][3,8]phenanthrolina-1,5(4,1)-dipyr-
idin-1-iuma-2,4(1,2),7(1,4)-tribenzenacyclooctaphane-11,51-diium
hexafluoridophosphate.

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

P . () . () . () . ()
F . () . () . () . ()
O . () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
H . . . .*
P . () . () . () . ()
F . () . () . () . ()
O . () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
H . . . .*
F . () . () . () . ()
O . () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
F . () . () . () . ()
O . () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
H . . . .*
F . () . () . () . ()
C . () . () . () . ()
H . . . .*
F . () . () . () . ()
C . () . () . () . ()
F . () . () . () . ()
C . () . () . () . ()
H . . . .*
F . () . () . () . ()
C . () . () −. () . ()
F . () . () . () . ()
C . () . () −. () . ()
HA . . −. .*
HB . . −. .*
HC . . −. .*
F . () . () . () . ()
C . () . () −. () . ()
H . . −. .*
F . () . () . () . ()
C . () . () . () . ()
H . . . .*
F . () . () . () . ()
C . () . () . () . ()
F . () . () . () . ()
C . () . () . () . ()
F . () . () . () . ()
C . () . () . () . ()
F . () . () . () . ()
C . () . () . () . ()
F . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()

Table : (continued)

Atom x y z Uiso*/Ueq

H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
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2 Experimental details

The crystal structure was determined using the Shelxt
program2 and subsequently underwent refinement via the
Shelxl tools3 available in the Olex2 suite.4 The hydrogen
atoms were placed in idealized positions and allowed to ride
on the relevant carbon atoms.

3 Comment

Macrocyclic hosts with cavities are the major workhorses
in supramolecular chemistry,5 and they can play a central
role in molecular recognition6 and be used to construct
complex systems such as molecular machines7 and other
‘smart’ materials.8 Despite many recent advances in the
development of new macrocyclic hosts,9 their rational
design remains a great challenge, due to low yields
and tedious purifications. It is known that structural
preorganization of building blocks facilitates the ring-
closure process for constructing macrocyclic structures.10

Herein, an syn-atropisomer based on naphthalene diimide
(NDI) can be employed as a preorganized precursor
to rationally construct a dicationic organic macrocycle,
and the crystallographic structure of this macrocycle
in the form of hexafluorophosphate salt has been
elucidated.

The title compound crystallizes in the monoclinic
space group P21/n with one whole macrocycle molecule
in the asymmetric unit (see the figure). As depicted in
the graphical representation, this macrocycle is composed
of an NDI skeleton, a tetrafluorobenzene linker and
two lateral pyridinium groups, exhibiting an anticipated
trapezoid-shape box-like structure. The centroid–centroid
separation of the parallel NDI and phenyl units is ~6.1 Å,
which is sufficient to accommodate planar molecules via
face-to-face π–π stacking.11–13 The crystal lattice also
contains two counter anions hexafluorophosphate. Bond
lengths and angles are all in the normal range, and are
very similar to those given in the literature.12–14 In addition,
the hexafluorophosphate ions interact with the electron-
deficient NDI and tetrafluorobenzene rings via anion-p
interactions, wherein the distances between F and centroid
are 3.0322(1), 3.0537(1) and 3.0799(1) Å, which are all typical
for anion-π interactions.15
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