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Cyclophanes comprise aromatic groups and aliphatic linkers bridging the aromatic moieties. Photoluminescent
cyclophanes have been mainly investigated in solution because formation of inclusion complexes with guest ions or
molecules changes the photophysical properties. In contrast, stimuli-responsive luminescent properties of luminescent
cyclophane in the crystalline or liquid-crystalline states have not been explored well, though cyclophanes would be
promising candidates of thermo- and/or mechanoresponsive luminescent materials. In this contribution, recent research
progress concerning luminescent cyclophanes prepared in my group is introduced. A 1,6-bis(phenylethynyl)pyrene-based
cyclophane featuring hexaethyleneglycol linkers shows a nematic liquid-crystalline phase showing blue-green emission
due to the excimer formation. Rapid cooling from the nematic phase leads to appearance of a supercooled nematic phase
and both the blue-green emission and the nematic molecular order are well retained. Subsequent annealing procedure
induces a phase transition to a crystalline phase showing blue emission. A 9,10-bis(phenylethynyl)anthracene-based
cyclophane having tetraetylene glycol linkers have been found to form two different quasipolymorphs. One crystalline
state exhibits two-step mechanochromic luminescence. Another crystal contains chloroform as the guest molecules and
mechanical or thermal stimuli induces release of the guest molecules. Differential scanning calorimetry and
thermogravimetric analysis clarified the phase transition behavior of the luminescent cyclophanes.
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Fig.1 Chemical structure of [2.2]paracyclophane.
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Fig.2 Schematic illustration of external stimuli-responsive
luminescent materials based on molecular assemblies.
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Fig.3 Chemical structure of the first mechano- and thermo

responsive luminescent cyclophane 1.
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Fig.4 Chemical structure of cyclophane 2.
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Fig.5 Phase transition behavior of cyclophane 2.
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Fig.6 XRD diffractograms of cyclophane 2 (a) in the nematic
phase at 120 °C, (b) in the G-form at r.t., (c) in the B-form at r.t.,
and (d) in the Bsc-form at r.t.

Fig.7 A polarized optical microscopic image of cyclophane 2 in
the nematic phase at 120 °C
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Fig.8 (a) DSC traces of cyclophane 2 in the Bsc-form. (b) DSC

trace of 2 in the G-form. Scanning rates were 10 °C min ™',

-20 0

KIZ, Bsc-form & G-form (Zxt L C DSC JIEZATVY, £ D
TR 25 W) & feRd L 7= (Fig.8) . Bsc-form (FH-IRIRE TR~
T 7 FH~OHEEB I I T D W E ' — 7 % 106.9 °C I~
T, BARNOALAMNR DML T LE D72, RS
FHA~OFRFEREIR B 1 DSC JIE THER TX 22 0v o 724, Rk
TAMEEEIE TIL, 280 °CC REE TlIv 7 n 7 7 v 2 idx~
F v 7 FERT I & DR T 72, BREIRFE CTlX 67.4°C T
I~ F v 7 DB TE D Bse-form ~DAHIERE I 3T 5 B —
IBNBESNTE, —FT, AnLTEbLND G-form TiI,
ELITHAILTHLMEAT D L, £9°82°C THT AR
BB ESNS (Fig8(b)), SOHICHE TS E,446°C, K&
61.6 °C THEE — 7 BELE X, B-form ~ s 35 =
ERHERTE T, BIBSN L E— BREAC—7 ThHDHZ
LMD, Al L TE LN G-form IZE ) HHC HEZZ E /R H
Th Y, fEeuAH TH 5 B-form NEV N L ERITH 5,
B-form % INEA % & 108.5°C TR~ F v 7 H~DHEEZIC
SHET5 e —7 BEEEN5,

[E A T ORPIGE BB E T DS, 78
T 72 BT LoV SRR COWIN - w1t
ek 2 3072 (Fig9), 7 7 AR /L SRR (c=1.0x107M)
DWILA 7 JVRIE TIL, 1,6-bis(phenylethynyl)pyrene &
FT7H VU UERL SR ORI AT ML EIRIERE LA DR
WIR A7 SR G O, T, ®AEANT ML TIRIE
FHUEATIC S S A E MBI S h, ZhE s sn



TV % 1,6-bis(phenylethynyl)pyrene # &K D H: AT |
JEFFE B LT 0 i n OFRERIL, AR T,
T g IR OM TREECIREE TOMA/ERN LD &
TIEWS b OO, #EEITIZIEE ) ~—d 2R~ TIRET
TFETDHZENDIoT, RIS, ZanaiiLh/AX ) —)b
RAEMAZ AN TER L=y 7 v 7 7 2> 2 ORERRICR
L, BEAZEX BN OLENANNT NVEEIToT2E 25,
530nm AV ITH LWEsi Ay RRBIE IR, 207 r—
R7pE Ny RIZRED ER L EbIcZ20mENRRKE < k
ALz, ZhiL, v7r7yr 2 0EKMOS o=
XFvw—FEHRICLDbOTHD (Fig10),

—

a) (b)
0.8

S
for}

o
o

£(10° L mol" em™)
o
N
Intensity (a.u.)

400 500 600
Wavelength (nm)

0 L . . .
250 300 350 400 450 500 300
Wavelength {(nm)

Fig.9 (a) Absorption and (b) fluorescence spectra of CHCl;
solutions (¢ = 1.0 x 1073 M) of cyclophane 2. The emission
spectrum was recorded at room temperature with Aex values of 400
nm.
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Fig.10 Fluorescence spectra of cyclophane 2 in 2:3 (v/v)
CHCls/methanol solutions of different concentrations (¢ = 2.0 x
1073 to 1.2 x 1072 M). The spectra were recorded at room
temperature with a Zex of 400 nm and are normalized at 444 nm.
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Fig.11 Fluorescence spectra of cyclophane 2 in the G-form (gray
line), B-form (black solid line), and Bsc-form (black dotted line).
All spectra were recorded at room temperature with a Aex of 400
nm.
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Fig.12 Fluorescence spectra of cyclophane 2 in the B-form
(black solid line), immediately after the B-form was ground (gray
line), and the same sample at 25 °C 10 min after it was ground
(black dotted line). All spectra were recorded at room temperature
with a Aex 0f 400 nm.
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Fig.13 Chemical structure of cyclophane 3.

Fig.14 (a) The individual molecular structure of cyclophane 3 in
the Y-form. (b) The dimer structure of 3 in the Y-form. (c) Packing
structure of the Y-form viewed along the a axis. (d) Packing
structure of cyclophane 3 in the YG-form viewed along the a axis.
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Fig.15 Two-step mechanoresponsive luminescence exhibited by
the Y-form of cyclophane 3.
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Fig.16 Fluorescence spectra of cyclophane 3 in the Y-form (black
line), Yge-form (gray line), and Yg-form (black dotted line). All
spectra were recorded at room temperature with a Zex of 365 nm.
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Fig.17 XRD diffractograms of cyclophane 3 in the Y-form (top),
Yge-form (middle), and Ye-form (bottom).

—
Tpﬂak = 1879 QC
AH =73.6 kJ mol!
ol|—>
o
c
L
Tp&ak = 1875 OC Y
J{ AH = 68.9 kd mol”’
—
Tei=51.4°C
AH =-17.8 kJ mol!
Tpear = 186.3 °C
AH=76.1 kJ mol”
0 40 80 120 160 200

Temperature (°C)

Fig.18 DSC traces of cyclophane 3 in the Y-form (top), Yg-form
(middle), and Y¢-form (bottom) on heating. The heating rate was
10 °C min™".
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Fig.19 TGA curve of cyclophane 3 in the YG-form. The heating
rate was 10 °C min".
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