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Figure 6 Change of AFM images of the cyclohexane
gel of 3a; (a) before irradiation; (b) after
irradiation at >300 nm for 24 h; (c) irradiation
at >300 nm for 48 h; (d) irradiation at >300 nm
for 24 h and then at <280 nm for 24 h.

wrinkles were nearly parallel. These wrinkles
almost disappeared on illumination at <280 nm
as shown in Fig. 6d. At the present time, it is
difficult to correlate the morphology change
with the photodimerization behavior, because
the aggregation mode at molecular level in the
gel has never elucidated. Further studies on the
molecular arrangements are indispensable for

the complete understanding of the gel phase.

3. Conclusion

This work presented the utilization of
coumarin building block bonded to amide group
with alkyl chain to yield gelating materials with
significant photochemical and photophysical
properties. The reversible and stereoselective
photodimerization of coumarin chromophores
in the gel phase proceeded with keeping the
visual gel state, but accompanied with the

drastic change of microscopic gel morphologies.

4. Experimental
4.1 General

'"H-NMR spectra were measured on a
JEOL JNM-GSX270 spectrometer with
tetramethylsilane as an internal standard. IR
spectra were recorded on a JASCO FT/IR-300E
spectrophotometer. Mass spectra were carried
out with a Perkin Elmer ELAN 600. Melting
points were not corrected. The solvents for
gelation experiments were of analytical grade.
4.1.1 Synthesis of 4-(7' -coumarinoxy)-
butyric acid ethyl ester (1). A solution of
7-hydroxycoumarin (6.17 mmol), 4-bromobutyric
acid ethyl ester (12.3 mmol) and anhydrous
K,CO; (12.3 mmol) in dry DMF (10 ml) was
irradiated in a household microwave (MW)
oven at 200 W for 4 minutes. After irradiation,
the solid was filtered, 20 ml of water was added
to the solution, and the residue was extracted
by ethyl acetate (310 ml) and CH,Cl, (310
ml), the extract was dried over with anhydrous
MgSO,, filtered, and evaporated in vacuum.
The residue was then washed with hexane and
dried to afford 1 as a white solid 1.28g (75%). mp
64-66°C; 'H NMR (300 MHz, CDCly): 6 7.64 (d,]
=9.3 Hz, 1H), 7.37 (d,J = 8.4 Hz, 1H), 6.85 (d, ] =
2.4 Hz, 1H), 6.82-6.80 (m, 1H), 6.25 (d,J = 9.5 Hz,
1H), 4.20-4.13 (m, 2H), 4.08 (t,/ = 6.0 Hz, 2H), 2.53
(d,] =73 Hz, 2H), 2.20-2.11 (m, 2H), 1.27 (t,/ = 7.1
Hz, 3H); IR (KBr): v 3080, 2926, 1734, 1611, 1124
em™'; HRMS caled for CsH 05 (M) ™ 276.0998,
found 276.0995.

41.2 Synthesis of 4-(7' -coumarinoxy)-butyric



acid (2).

A mixture of 1 (3.2 mmol), KOH (63.9 mmol)
and 2 ml water in mortar was ground under
heating (below 70°C) over the period of 30
min. After cooling, the solution of HCI (12
M) was added to the mixture until pH 1. The
precipitation was filtered, washed with water
and methanol, and dried to afford 0.8g (99%) of
a white solid 2. mp 198-200 oC; 1H NMR (300
MHz, CDClLy): 6 7.67 (d,]=9.4 Hz, 1H), 7.39 (d,
J =82 Hz, 1H), 6.87 (d, / = 2.4 Hz, 1H), 6.83 (s,
1H), 6.26 (d, J = 9.3 Hz, 1H), 4.09 (t, ] = 6.2 Hz,
2H), 2.54 (d,J = 7.1 Hz, 2H), 2.19-2.10 (m, 2H). IR
(KBr): v 3445, 3083, 2968, 1724, 1611, 1135 cm ™ ;
HRMS calcd for Cy3H;,05 (M) " 248.0685, found
248.0687.

4.1.3 Synthesis of compounds 3a-h.

BOP (0.602 mmol) was added to a stirred
solution of octadecylamine (0,524 mmol) and
2 (0.403 mmol) in 10 ml THF. The mixture was
stirred at room temperature for 3 h. The residue
after concentration under reduced pressure was
subjected to column chromatography (silica
gel, 10:1 CHCl,/MeOH) to give the product 3a
as a white powder 0.363g (90%). mp 94-97°C; 'H
NMR 300 MHz, CDCly): § 7.63 (d, ] = 9.5 Hz,
1H), 7.37 (d, ] = 8.4 Hz, 1H), 6.84 (s, 1H), 6.81 (s,
1H), 6.25 (d, J = 9.5 Hz, 1H), 5.46 (s, 1H), 4.07 (t,
J =5.7Hz, 2H), 3.28-3.22 (m, 2H), 2.38 (t,]J ="7.1
Hz, 2H), 2.19-2.15 (m, 2H), 1.47-1.25 (m, 32H),
0.88 (t, /] = 5.7 Hz, 3H); IR (KBr): v 3300, 3051,
2920, 1736, 1634, 1163 cm '; HRMS calcd for
CyH,NO, (M) " 499.3662, found 499.3667.

The compounds 3b-3h were similarly prepared

as above:

3b: white powder (76%); mp 91-94°C; 'H NMR
(300 MHz, CDCl;: 6 7.63 (d,]=9.5Hz, 1H), 7.36
(d, ] =8.3 Hz, 1H), 6.84 (s, 1H), 6.80 (s, 1H), 6.25
(d,J=9.5Hz, 1H), 5.48 (s, 1H), 4.08 (t,J = 5.9 Hz,
2H), 3.28-3.22 (m, 2H), 2.38 (t,/ = 7.1 Hz, 2H),
2.21-2.17 (m, 2H), 1.47-1.25 (m, 28H), 0.88 (t, ] =
5.9 Hz, 3H; IR (KBr): v 3299, 3053, 2921, 1736,
1633, 1163 cm™; HRMS calced for CyH,;NO, (M) *
471.3349, found 471.3351.

3c: white powder (81%); mp 112-113°C; 'H NMR
(300 MHz, CDCly): 6 7.64 (d, ] = 9.7 Hz, 1H),
7.38 (d,/ = 8.3 Hz, 1H), 6.84 (d, ] = 2.2 Hz, 1H),
6.80 (s, 1H), 6.26 (d,J = 9.5 Hz, 1H), 5.44 (s, 1H),
4.07 (t, ] = 5.8 Hz, 2H), 3.28-3.21 (m, 2H), 2.38 (t,
J =172 Hz, 2H), 2.21-2.14 (m, 2H), 1.47-1.24 (m,
24H), 0.87 (t,J = 6.5 Hz, 3H); IR (KBr): v 3294,
3079, 1734, 1633, 1101 cm ™ '; HRMS calcd for
CyH,NO, (M) " 443.3036, found 443.3034.

3d: white powder (66%); mp 106-108°C; "HH NMR
(300 MHz, CDCly): 6 7.64 (d,]=9.3 Hz, 1H), 7.37
(d,J =8.4Hz 1H), 6.84 (d, ] = 2.4 Hz, 1H), 6.81
(t,] = 3.4 Hz, 1H), 6.26 (d, ] = 9.5 Hz, 1H), 5.47
(s, 1H), 4.09 (t,] = 5.9 Hz, 2H), 3.28-3.21 (m, 2H),
2.40 (t,] =72 Hz, 2H), 2.21-2.12 (m, 2H), 1.47-1.24
(m, 20H), 0.89 (t, / = 6.6 Hz, 3H); IR (KBr): v
3303, 3070, 1743, 1639, 1121 cm™'; HRMS caled
for C,sH;NO, (M) " 415.2723, found 415.2724.

3e: white powder (74%); mp 104-106°C; 'H NMR
(300 MHz, CDCly): 6 7.64 (d,] = 9.5 Hz, 1H),



7.38 (d,/ = 8.4 Hz, 1H), 6.85 (d, J = 2.4 Hz, 1H),
6.81 (d,/ = 2.0 Hz, 1H), 6.26 (d, ] = 9.5 Hz, 1H),
5.45 (s, 1H), 4.09 (t, ] = 5.9 Hz, 2H), 3.28-3.21 (m,
2H), 2.40 (t, ] = 7.1 Hz, 2H), 2.21-2.12 (m, 2H),
1.47-1.24 (m, 16H), 0.89 (s, 3H); IR (KBr): v
3298, 3060, 1738, 1639, 1123 cm™"; HRMS calcd
for CpHa,NO, (M) " 387.2410, found 387.2407.

3f: white powder (57%); mp 103-106°C; 'H NMR
(300 MHz, CDCl,): 6 7.64 (d,/=9.5Hz, 1H), 7.38
(d,J = 8.4 Hz, 1H), 6.85 (d, / = 2.1 Hz, 1H), 6.81
(t,J = 2.1 Hz, 1H), 6.26 (d, /] = 9.5 Hz, 1H), 5.44
(s, 1H), 4.09 (t,] = 5.9 Hz, 2H), 3.28-3.21 (m, 2H),
2.40 (t,] =7.1 Hz, 2H), 2.21-2.14 (m, 2H), 1.47-1.25
(m, 12H), 0.89 (t, J = 6.6 Hz, 3H); IR (KBr): v
3294, 3078, 1735,1634, 1123 cm ™ "; HRMS calcd
for CyH,NO, (M)* 359.2097, found 359.2098.

3g: white powder (69%); mp 102-105°C; '"H NMR
(300 MHz, CDCly): 6 7.64 (d,/=9.3 Hz, 1H), 7.38
(d,] =84 Hz, 1H), 6.85 (d, / = 2.3 Hz, 1H), 6.81
(d,J =2.1Hz, 1H), 6.26 (d, J = 9.5 Hz, 1H), 5.47
(s, 1H), 4.09 (t, ] = 6.0 Hz, 2H), 3.28-3.21(m, 2H),
2.40 (t,J = 7.1 Hz, 2H), 2.17 (t,] = 6.4 Hz, 2H),
1.47-1.26 (m, 8H), 0.86 (s, 3H); IR (KBr): v 3296,
3087, 1737, 1639, 1158 cm ™~ '; HRMS calcd for
CoH;NO, (M) ™ 331.1784, found 331.1788.

3h: white powder (68%); mp 98-99°C; 'H NMR
(300 MHz, CDCly): 6 7.65 (d, ] = 9.3 Hz, 1H),
7.38 (d,] =8.4 Hz, 1H), 6.84 (s, 1H), 6.81 (t,]/ =4.7
Hz, 1H), 6.26 (d,/ = 9.3 Hz, 1H), 5.49 (s, 1H), 4.07
(t,/ =5.9 Hz, 2H), 3.29-3.23 (m, 2H), 2.38 (t, ] =
7.2 Hz, 2H), 2.17 (t, ] = 6.7 Hz, 2H), 1.49-1.31 (m,
4H), 0.90 (t, J = 7.2 Hz, 3H); IR (KBr): v 3299,

3084, 1735, 1639, 1125 cm™'; HRMS calcd for
CyH,NO, (M) " 303.1471, found 303.1470.

3i: white powder (79%); mp 127-129°C; 'H NMR
(300 MHz, CDCLy): § 7.65 (d,/ = 9.3 Hz, 1H), 7.38
d,J = 8.4 Hz, 1H), 6.84 (s, 1H), 6.80 (t,/ = 4.7 Hz,
1H), 6.25 (d, ] = 9.5 Hz, 1H), 5.83 (s, 1H), 4.07 (t,
J = 5.9 Hz, 2H), 3.29-3.23 (m, 2H), 2.41 (t, ] = 7.2
Hz, 2H), 2.18 (m, 2H), 1.52-1.41 (m, 2H), 0.90 (t,/
=7.2 Hz, 3H); IR (KBr): v 3299, 3084, 1735, 1639,
1125 cm ™ '; HRMS calcd for C;sHNO, (M) ™
289.1314, found 289.1319.

41.4 Synthesis of compounds 4a-b.

A solution of 7-hydroxycoumarin (6.17 mmol),
1-bromooctadecane (12.3 mmol) and anhydrous
K,CO; (12.3 mmol) in dry DMF (10 ml) was
irradiated in a household MW oven at 200
W for 4 minutes. After irradiation, the solid
was filtered, 20 ml of water was added to the
solution, the precipitation was filtered, washed
with methanol and dried to afford a white
powder 4a (95%). mp 61-63°C; '"H NMR (300
MHz, CDCly): & 7.63 (d,/=9.5Hz, 1H), 7.36 (d,]
=8.4Hz, 1H), 6.85 (d,/ = 2.4 Hz, 1H), 6.82-6.80(m,
1H), 6.24 (d, J = 9.3 Hz, 1H), 4.01 (t, / = 6.4 Hz,
2H), 1.86-1.76 (m, 2H), 1.46-1.26 (m, 2H), 0.88
(t,J = 6.4 Hz, 3H); IR (KBr): v 3052, 2918, 1739,
1619, 1163 cm™; HRMS caled for CyH,,0; M) *
414.3134, found 414.3137.

Compound 4b was obtained in 87% yield from
7-hydroxycoumarin and 1-bromohexadecane
as a white powder according to the same
procedure as above. mp 57-58°C; 'H NMR (300
MHz, CDCly): 6 7.63 (d,] = 9.5 Hz, 1H), 7.36 (d,



J=84Hz, 1H), 6.85 (d, ] = 2.4 Hz, 1H), 6.82-6.79
(m, 1H), 6.24 (d, J = 9.3 Hz, 1H), 4.01 (t,/ = 6.4
Hz, 2H), 1.86-1.76 (m, 2H), 1.46-1.26 (m, 2H), 0.88
(t,J =6.4 Hz, 3H); IR (KBr): v 3050, 2918, 1738,
1619, 1164 cm™'; HRMS caled for CypHagOy (M) ©
386.2821, found 386.2820.

4.2 Gel test

A gelator (1.0 mg) and appropriate solvent
(0.1 ml) were mixed in a closed-capped test
tube and the mixture was heated until the solid
was dissolved. The solution was subsequently
cooled in air to room temperature. Gelation
was determined by the absence of flow of the

solvent when the vial was inverted

4.3 Photoreaction

Three test tubes containing the cyclohexane
gel of 3a were irradiated with a 400 W high-
pressure mercury lamp (>300 nm irradiation)
at 20°C for 24 h. One of them was irradiated
with a 100 W low-pressure mercury lamp (<280
nm irradiation) at 20°C for 24 h. One of them
was continuously irradiated with a 400 W
high-pressure mercury lamp at 20°C for 24 h.
The irradiated gels were used to measure UV,

fluorescence and 'H NMR.

4.4 UV and fluorescence measurements
Absorption spectra were acquired using
a Hitachi U-4000 spectrophotometer and
emission spectra were obtained on a Hitachi
F-4500 fluorospectrometer. Absorption and
fluorescence spectra of gels were measured

with a sample gel sandwiched by two quartz

plates, one of which had 1 mm concavity

4.5 SEM and AFM observations

A piece of a gel was placed on a SEM stub
with a carbon tape, dried, coated with Au,
and observed on the stage of JEOL JSM-5300
scanning electron microscope using a 15-20 kV
accelerating voltage. AFM observation was
carried out with SII SPA 300. The specimens
for the observation were prepared by drying a

small amount of gel on a glass plate.
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