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Summary: A new high-yielding synthetic approach for
the preparation of bimetallic cyclophane has been achieved
through the 7— stacking interaction approach from the
flexible ligand 1 and group 11 metal M*. The Cu
complex 2a can act as a fluorescent chemosensor for
benzenediacetonitrile.

Metallocyclophane is an important kind of compound
in supramolecular chemistry due to its particular mo-
lecular recognition properties and potential applications
in chemosensing and molecular electronics.! In the
preparation of metallocyclophanes three general and
high-yielding synthetic approaches have been presented
in the literature,? which include (1) the directional-
bonding approach,® (2) the symmetry-interaction ap-
proach, and (3) the weak-link approach.* Herein we offer
a new high-yielding synthetic strategy to prepare bi-
metallocyclophane from a new flexible phosphine ligand
with an anthracene fluorophore and group 11 metal M(l)
ion starting materials by a 7—x stacking interaction.
In contrast to the weak link approach, the new approach
does not need two coordination positions to a metal
center in the flexible ligand. These new compounds
possess other weakly coordinated ligands and vacant
coordination sites at the metal centers, which are
available for further chemistry and molecule-responsible
fluorescent chemosensing research.

The new flexible phosphine ligand 1 was prepared by
a Mannich reaction from Ph;PH, (CH;0),, and 9,10-bis-
(n-propaminomethyl)anthracene (Scheme 1). Spectro-
scopic data for solution of 1 are completely consistent
with the proposed structure.

The bimetallocyclophanes 2 were prepared in >90%
yield by the reaction of ligand 1 with M(CH3CN)4(ClO4)
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Figure 1. ORTEP view of complex 2a.

(M = Cu, Ag) or Au(SMe,)Cl in a 1:1 stoichometric ratio.
These reactions were driven by the m—x stacking
interaction between the anthracene units in the two
ligands 1. The complexes 2a,% 2b,% and 2c” have been
fully characterized in solution, and the crystal struc-
tures of 2a°® and 2c’ have been determined by X-ray
diffraction studies.

Figure 1 shows the molecular structure of 2a. The
coordination environment around the Cu atom is trigo-
nal planar with two P atoms from the two ligands 1 and
one O atom from the anion ClO4~. The distance of the
two anthracene rings in 2a is 3.5626 A, which exhibits

(5) 2a: mp 152—-154 °C; 'H NMR (CDCl3) 6 0.79-0.83 (t, 12H,
4CHjs, "Pr), 1.51-1.57 (m, 8H, 4CH,, "Pr), 2.83—2.88 (m, 8H, 4CH,,
"Pr), 3.79 (s, 8H, 4AN—CH,—P), 4.75 (s, 8H, 4An—CH,—N), 6.61—6.65
(m, 16H, 8CgHs), 7.04—7.09 (m, 16H, 8C¢Hs), 7.23—7.33 (m, 8H, 8CsHs),
7.77-7.81 (m, 8H, 2An), 8.71-8.74 (m, 8H, 2An) ppm; 3P NMR
(CDC|3) 0 —10.443 ppm. Anal. Calcd for C96H100C|2N408P4CU2: C,
64.52; H, 5.84; N, 3.27. Found: C, 64.81; H, 6.01; N, 3.09. Crystal
data: 0.20 x 0.20 x 0.30 mm, monoclinic, space group P2;/n, a =
11.2322(8) A, b = 21.6175(14) A, ¢ = 19.4727(13) A, f = 92.6520(10)°,
V = 4723.1(6) A, pcaca = 1.257 Mg m=3, 20imax = 50.06°, T = 298 K,
u=0.631 mm~1, 19 512 measured reflections, of which 8346 reflections
are independent, 541 parameters, R1 = 0.0615, wR2 = 0.2131 (all data,
refined against |F2|), largest residual peak 0.845 e A3,

(6) 2b: mp 124-125 °C; 3P NMR (CDCl3) 6 —6.05 ppm. Anal. Calcd
for C96H100C|2N403P4A92: C, 60.25; H, 5.38; N, 2.90. Found: C, 60.40;
H, 5.28; N, 3.24.

(7) 2c: mp 134—136 °C; 3P NMR (CDCl3) 6 23.94 ppm. Anal. Calcd
for C96H100C|2N4P4AU2: C, 56.91; H, 5.07; N, 2.71. Found: C, 56.34;
H, 4.87; N, 2.52. Crystal data: 0.25 x 0.20 x 0.20 mm, triclinic, space
group P1, a = 13.5464(11) A, b = 14.1715(11) A, ¢ = 15.7734(13) A,
a = 78.810(2)°, B = 67.0000(10)°, y = 62.225(2)°, V = 2465.9(3) A,
Pealed = 1.474 Mg m=3, 20max = 50.06°, T = 298 K, u = 3.326 mm~1,
10 278 measured reflections, of which 8602 reflections are independent,
550 parameters, R1 = 0.0371, wR2 = 0.0923 (all data, refined against
|F2)), largest residual peak 0.960 e A3,
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Scheme 1. Preparation of Complexes 2
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sequestering into the macrocycles in 3. While there is
500 - - no change of the fluorescence intensity in the conversion
of 2a to 3, due to the untouched structure of the part of
bimetallocyclophane in 3, the conversion of 3 into 4 is
4504 accompanied by an increase in the fluorescence intensity
- due to the structural change of the macrocycle by the
2 400 formation of the tetrahedrally coordinated polymer,
S which causes a decrease in the though-space interaction
k= between the two fluorophores.® When the 2a/A ratio is
350 1 - around 1:2, the fluorescence enhancement reaches the
I maximum. In the emission spectra of 2a before and
. . during the titration with A no excimer emissions are
800 observed. Spectroscopic data and elemental analysis of
. ; . ; . ; , ; . T 4 completely support the proposed structure.19 In the
0 1 2 3 4 5 IR spectrum of 4 two CN stretching vibrations (2362
Ratio of A/2a and 2330 cm™1) are observed, which are caused by

Figure 2. Plot of the recorded relation of fluorescence
intensities at 435 nm against the ratio of A to 2a ([2a] =
1 x 1075 M) in dichloromethane.

a w—z stacking interaction. The Cu and N separation
is in the range of 3.861—4.129 A, which indicates that
there is no interaction between them. The Cu-:-Cu
separation is 11.430 A. The whole molecule of 2a
possesses a dumbbell shape. The complex 2c has a
similar structure with 2a (see the Supporting Informa-
tion), but each gold center possesses a linear two-
coordinate geometry with two P atoms. The distance of
the Au atom from the anion Cl~ is 2.953 A, which can
be considered as a very weak interaction,® and the Au---
Au separation is 11.726 A. The formation of bimetallo-
cyclophane by the 7—x stacking interaction approach,
to a great extent, depends on the rational topological
design of the flexible ligand.

When a solution of 2a in dichloromethane was ti-
trated with 1,4-benzenediacetonitrile (A), the fluores-
cence intensity gave rise to a noticeable change. The plot
of fluorescence intensity versus equivalents of A gives
a sigmoid curve (Figure 2), which indicates that two
probable chemical processes take place sequentially
(Scheme 2). At the beginning the 1:1 copolymer 3 was
formed by the substitution of two cyano groups in A for
two anions ClIO,~ between the two macrocycles 2a, as
shown in Scheme 2. The further reaction of the complex
3 with A afforded the 1:2 copolymer 4 through A

(8) Schmidbaur, H.; Pollok, T.; Herr, R.; Wagner, F. E.; Bau, R,;
Riede, J.; Muller, G. Organometallics 1986, 5, 566—574.

coordination of 4 inside and outside the macrocycle and
are at higher wavenumbers than that of A (2246 cm™1),
owing to the donation of antibonding electrons of the
CN group to the copper atom.!l In the 3P NMR
spectrum the 1.7 ppm upfield shifts of 4 with respect to
the resonance of 2a may be attributed to the coordina-
tion of A molecules to the Cu atoms, which increase the
electron density at the P atoms. Owing to the decrease
of through-space interaction between the two an-
thracene rings, the proton resonances of anthracene
rings in 4 are 0.167 and 0.275 ppm upfield shifts from
those in 2a. Many attempts failed to obtain crystals of
4 suitable for an X-ray diffraction study.

In contrast, when the solution of 2a in dichloro-
methane was titrated with acetonitrile or 1,3-dicyano-
propane, no noticeable change in the fluorescene signal
of 2a was shown and no new complex was formed, due
to the basicity of acetonitrile or 1,3-dicyanopropane
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4N—CH,—P), 3.92 (s, 8H, 4ANC—CH,), 4.72 (s, 8H, 4An—CH,—N), 6.60—
6.62 (M, 16H, 8CgHs), 7.02—7.07 (m, 20H, 8C¢Hs and 2CgH.), 7.19—
7.26 (m, 12H, 8CgHs and 2CgH4), 7.50—7.53 (m, 8H, 2An), 8.54—8.58
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being weaker than that of A.12 The titration experiment
of 2a with benzeneacetonitrile also does not give a
sigmoid curve of fluorescence change.

In conclusion, we have demonstrated that a new high-
yielding synthetic approach can be used for the prepa-
ration of bimetallocyclophanes. The solution of 2a
exhibits chemosensing behavior for 1,4-benzenedi-
acetonitrile. The expansion of the types of transition
metals that can be utilized in the 7— stacking interac-
tion approach for the preparation of bimetallocyclophane
is underway.

(12) Larson, R. C.; lwamoto, R. T. J. Am. Chem. Soc. 1960, 82, 3526—
3527.
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