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Stilbene-extended Trithienylmethanophanes: A Novel C3-Symmetric Cage Molecule Capable
of Accommodating an Organic Molecule As Well As Three Silver(I) Ions
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A combination of the Suzuki and the McMurry coupling on
tris(5-bromo-2-thienyl)methanes leads to the title compounds
which accommodate one n-hexane molecule or three silver(I)
ions in the cavity.

“Host—Guest Chemistry” as well as “Supramolecular
Chemistry” have been keen subjects in current organic chemis-
try.! Although a good number of three-dimensional host or con-
tainer molecules have been developed,? those containing thio-
phene rings as main component have been rarely known.> We
have recently reported the synthesis of novel etheno-bridged tri-
thienylmethanophanes 1 that are composed of two tris(2-thie-
nyl)methane units and three cis-etheno units.*> X-ray analysis
as well as a semi-empirical calculation revealed that the six sul-
fur atoms direct inside to form a three dimensional cavity sur-
rounded by the sulfur atoms. However, attempted incorporation
of metal ions into the cavity has been unsuccessful probably ow-
ing to too small cavity-size. Therefore, trithienylmethanophanes
of larger sizes have been desired to examine host-ability of tri-
thienylmethanophane systems. Methanophanes 1 were synthe-
sized by a three-fold McMurry coupling of the precursor
tris(5-formyl-2-thienyl)methanes. In view of easy functionaliza-
tion of tris(2-thienyl)methane at 5-positions through lithiation or
electrophilic aromatic substitution, this coupling approach
would be also applicable to the synthesis of trithienylmethano-
phanes of larger sizes. Here we wish to report the synthesis of
stilbene-extended trithienylmethanophanes 2a and 2b that are
found to accommodate one n-hexane molecule as well as three
silver ions in the cavity.

a: R =Me, b: R = Hex

Methanophanes 2a and 2b were synthesized as shown in
Scheme 1 where the Suzuki coupling® and the McMurry cou-
pling’ are key reactions. The Suzuki couplings of tribromide
3a with 4-formylphenylboronic acid gave trialdehyde 4a in
93% yield and subsequent the McMurry coupling of 4a afforded
cage molecule 2a in 17% yield. In similar way, 3b furnished 2b
in 16% overall yield.

Both 2a and 2b are air-stable, pale yellow, crystalline sub-
stances.® While 2a is poorly soluble in organic solvents and rath-

3a, b

CHO

4a, b

a) 4-formylphenylboronic acid, Pd(PPhg),, KoCO3zaq./DME, reflux,
b) TiCls-Zn, Cul, DME, reflux

Scheme 1.

er suitable for obtaining single crystals, 2b is more soluble and
suitable for NMR studies on complex formation. 'H and
BCNMR spectra of 2b are fairly simple in agreement with
Dj3;, symmetry of the molecule, exhibiting five kinds of aromatic
and olefinic protons and nine kinds of sp? carbons except for the
signals of the hexyl groups. The central six etheno protons are
observed as a singlet (§ 6.57 in CDCl3) and its '3C satellite sig-
nals revealed the relevant coupling constants J(H-H) = 11.7Hz
and J('3C-H) = 157.3 Hz, the former value indicating all cis-
geometry of the stilbene uints. Compound 2b shows a strong
but considerably broad absorption at 318 nm (log€ = 5.13) in
CH,Cl, whose tailing reaches as long as 500 nm and is weakly
fluorescent exhibiting an emission maximum at 468 nm (quan-
tum yield: ® = 0.03).

Recrystallization of 2a from chloroform-hexane afforded
single crystals. X-ray crystallographic analysis of this crystal re-
vealed that one hexane molecule is encapsulated in the cavity of
every molecule of 2a.” Figure la displays the molecular struc-
ture of the inclusion complex 2a-Hex where the included hexane
molecule is not very clearly seen owing to either disorder or ro-
tation of hexane in the cavity. In the crystal, the complexes are
tightly packed somewhat like three-toothed gears (Figure 1b).
This tight packing should make it difficult escape of the included
hexane molecule from the cavity and, in fact, the single crystal
showed little sign of efflorescence in air at room temperature.
Upon dissolution in CDCls, however, the complex seems to dis-
sociate at least mostly into the components, because 'H signals
of the hexane were essentially the same as those of hexane alone
in CDCl3.

In addition, thienylmethanophane 2a and 2b were found to
form complexes with silver(I) ions: for example, upon portion-
wise addition of silver(]) triflate to a CDCl; solution of 2b in a
NMR tube, the signals of aromatic and etheno protons continu-
ously move downfield even up to addition of ten molar equiva-
lents (in the presence of 2b, the triflate dissolves in CHCl; fairly
easily). Single crystals of the complex suitable for X-ray analysis
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Figure 1. X-ray analysis of 2a-Hex: a) molecular structure, b)
crystal packing viewed along a axis. The included hexane mole-
cule is drawn as space filling model, sulfur atoms of the host is
represented in a yellow ball model. Hydrogen atoms are omitted
for clarity.

Figure 2. Molecular structure of 2a-3Ag™: a) side view; pin-
k=Ag, red=0, green =F, yellow =S, gray =C; b)
space-filling model viewed along pseudo C3 axis. Hydrogen
atoms are omitted for clarity.

were obtained by recrystallization from chloroform.'® The crys-
tals thus obtained were efflorescent and X-ray refraction data
were collected more successfully on the complex of 2a at
—123°C."! The X-ray analysis revealed that the complex of 2a
accommodates three Ag(I) ions (Figure 2a) and nine chloroform
molecules are included in a unit cell. The co-existence of sub-
stantially large amount of chloroform made sufficient data col-
lection difficult and therefore the final R-value was rather high
value of 13%. Nevertheless, it is clear that there are included
three silver(I) ions in the cavity. Two of the three Ag(I) ions
seem coordinating to the sulfur atoms of each trithienylmethane
units and third one to one of the stilbene units. The cavity size of
2a is estimated to be approximately 5 x 5 x 5 A and hence there
should be enough room for more than three Ag(I) ions. Figure 2b
shows the space filling description of the complex including the
triflate ions. The three counter anions are each situated in the
clefts between the three bridges of 2a, which may control the
number of included Ag(I) ion to three in spite of the greater
room. The continuous down-field shift of 'HNMR signals of
2b even up to addition of ten molar equivalents of silver triflate
may be due to either rather small association constant or com-
plexation of Ag(I) ions also to the outside of host molecule.

Further studies on the host-ability of trithienylmethanopanes
2 and the synthesis of other relating cage molecules are under
way.
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