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The crystals of the title fluorescent clathrand exhibit a dras-
tic fluorescence enhancement behavior upon contact with car-
boxylic acid vapors. The magnitude of the fluorescence change
is greatly dependent on the enclathrated carboxylic acid mole-
cules and increase in the following order: formic acid < acetic
acid < propionic acid. To elucidate the enclathrated guest
effects on the fluorescence properties of the crystals, the X-ray
crystal structures have been determined.

Chromogenic receptors which give fluorescence signals in
response to recognition of ions or molecules are the subjects of
current research interest because of their wide range of potential
applicationsin analytical and material sciences.! Sometrials that
intend to apply clathrate formation to a fluorescence sensing sys-
tem for detection of organic solvent molecules have been made.?
However, there are till very few clathrate hosts that can exhibit
sensitive fluorescence changes upon inclusion of organic guest
molecules. We have recently developed a novel benzofura-
noquinol-type fluorescent clathrand whose crystals or thin-films
exhibit guest-dependent fluorescence enhancement with a blue
shift of emission maximum upon contact with various gaseous
amines.® Here, we report on a new fluorescent clathrand, 2-[4-
(diethylamino)phenyl]-1H-phenanthro[9,10-d]imidazole (1),
whose crystals exhibit guest-dependent fluorescence enhance-
ment with a red shift of emission maximum upon contact with
gaseous carboxylic acids. The X-ray crystal structures of 1 and
its clathrate compounds have been determined, and the relation-
ship between the solid-state fluorescence and the changesin crys-
tal structure upon clathrate formation is discussed.

1

The fluorescent host compound (1) was prepared according
to a slightly modified procedure of the Davidson method*
known for synthesis of imidazoles. Recrystallization of 1 from
acetonitrile gave needle-shaped crystals that contain no solvent
molecules. Interestingly, when the guest-free crystals were
placed in avessel saturated with carboxylic acid vapor at 30 °C,
the color of the crystals turned from colorless to yellow. By
solid-state fluorescence measurement we found that a
bathochromic shift of the excitation and emission maxima and a
guest-dependent fluorescence enhancement are induced upon
inclusion of the guest molecules. Table 1 summarizes the time-
dependent changes in the excitation and emission spectra of the
guest-free crystals upon exposure to gaseous formic acid, acetic
acid, and propionic acid, respectively. At the time intervals, a

small portion of the exposed crystals was withdrawn and
checked by *H NMR, which demonstrated that carboxylic acid
molecules are gradually included into the crystals, clathrate for-
mation via the solid—gas contact being suggested. The maxi-
mum fluorescence was obtained when the host-to-guest stoi-
chiometric ratio was near 1:2 in every case. Continuous expo-
sure of the crystals resulted in further inclusion of carboxylic
acid molecules until the host-to-guest stoichiometric ratio
became 1:3. The maximum fluorescence intensities of the
inclusion crystals after exposure to gaseous formic acid, acetic
acid, and propionic acid were about 5-, 33- and 50-fold stronger
compared to the fluorescence intensity of the starting guest-free
crystals, respectively. These results suggest that increasing
molecular size of the enclathrated carboxylic acid tends to
induce larger fluorescence enhancement but slow down the
clathrate formation.

Table 1. Time-dependent changes in the excitation and
emission wavelengths, fluorescence intensity, and host-to-
guest ratios of the guest-free crystals of 1 upon contact with
gaseous carboxylic acids at 30 T

Guest Time  Excitation Emission Ratio®
acid /min A ex/nm Aem/nm RF.I*  Host:Guest

0 3775 467.5 1.00 1:0

) 10 4445 4amns 4.61 1:06
Fgg%‘c 20 446.0 4735 5.05 1:1.2
50 447.0 473.5 5.14 1:22

150 4475 4735 4.42 1:29

0 3775 4675 1.00 1:0

50 436.0 467.5 17.9 1:05

) 100 440.0 470.5 26.9 1:1.1
Acetic 200 4420 4735 328 1:19
300 442.0 473.0 334 1:23

500 4415 4675 311 1:2.8

900 4415 464.0 28.1 1:3.0

0 3775 4675 1.00 1:0

120 441.0 511.0 352 1:03

Propio- 300 443.0 511.0 434 1:1.1
nicacid 420 443.0 511.0 50.8 1:20
1200 4425 512.5 50.4 1:29

2400 4425 512.5 49.6 1:30

*Relative fluorescence intensity. "Determined by means of '"H NMR
integration.

To investigate the relationship between the observed pho-
tophysical properties and the changes in molecular packing
structure upon inclusion of the guest molecules, the crystal
structures of the guest-free® and the carboxylic acid inclusion
compounds, 1-(CH;CO,H),f and 1-(CH;CH,CO,H),,” have
been determined by X-ray diffraction analysis. As shown in
Figures 1 and 2, there are big differences in arrangement of host
molecules between the guest-free and the guest-inclusion crys-
tals. In the guest-free crystal, host molecules are linked by
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Figure 1. (2) Molecular packing structure (down ¢ axis) and (b)
perspective view of the guest-free of 1; the dotted lines indicate
hydrogen bonds.
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Figure 2. (a) Molecular packing structure and (b) perspective view
of 1:(CH,CH,CO,H),; the dotted lines indicate hydrogen bonds.

intermolecular NH---N hydrogen bonds between the imidazole
nitrogen atoms to form alinear molecular chain along the c-axis
(Figure 1(b)). The host molecules aong the chain are related
by 41 (fourfold screw axis) symmetry. Between the adjacent
chains there are two short molecular contacts between host mol-
ecules; one is the overlapping of p-(diethyamino)phenyl parts
and the other is the —Ttoverlapping (3.49-3.58 A) of phenan-
threne parts. These long-range host—host interactions based on
the intermolecular hydrogen bond and the mt—Ttinteraction
would cause a strong fluorescence quenching in the guest-free
crystal. On the other hand, in the case of the guest-inclusion
crystals, such direct intermolecular hydrogen bonding between
host molecules is not found. Instead, the crystal is made up by
a hydrogen bonded cluster unit composed of two imidazole
hosts and four carboxylic acid guests (Figure 2(b)). The two
hosts and two of the four guests are alternately linked by four
NH---O hydrogen bonds to form a centrosymmetric ring, in
which the imidazole ring is protonated by the propionic acid
proton. The protonation of the imidazole ring would contribute
to ared-shift of the absorption and emission spectra of the crys-
tals because of an increase of intramolecular charge-transfer
character of the host fluorophore. The rest two guests are
linked by a hydrogen bond to each of the two ring-forming
guests to form a hexamer cluster unit. There are two styles of
Ti—Tistacking overlap between host molecules in the guest-
inclusion crystal. One is the t-Ttoverlapping (3.24-3.58 A)
between the phenanthroimidazole and p-(diethylamino)phenyl
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parts in the cluster unit. The other is observed between the
neighboring cluster units, where the phenanthrene ring parts are
overlapping (3.40-3.60 A). The X-ray crystal structure of
1.(CH4CO,H), was quite similar to that of 1:(CH;CH,CO,H),,
however, a detailed comparison of the crystal structures of the
guest-inclusion compounds clarified that the Tt—Ttinteractions
between the host molecules decreased with the increase in the
size of the enclathrated guest molecules. These results indicate
that the fluorescent clathrand (1) can be utilized as a chemical
solid-sensor for recognition of gaseous carboxylic acids. A
more detailed relationship between the crystal structure and the
photophysical properties of some carboxylic acid inclusion
crystals of 1 will be reported in due course.
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