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Abstract : A novel fullerene derivative with photoresponsive azobenzene group was designed and
synthesized, and its photoresponsive properties were reported. Starting from 4-nitrophenol,
compound 1, which is containing fullerene moiety connected to azobenzene group through covalent
linkage was synthesized by 5 steps. All the intermediates and the final compound were
characterized by 'H, “C-NMR, FAB-Mass or elemental analysis. Compound 1 exhibited the
expected photoresponsive behavior. Chloroform  solution(10°M) of it served to maximize the
absorption at 351 nm corresponding to the trans—azobenzene chromophore. Irradiation of this
solution with 365 nm light resulted in photoisomerization to cis—azobenzene, as evidenced by
decrease in the absorbance at 351 nm and an increase in absorbance at 450nm. A photostationary
state was reached within about 150 s. Thermal reversion to the original spectrum was observed
over the course of about 6 h at room temperature in the dark. However, exposure to bright sun
light for about 5 s also effect almost complete reversion to the trans—isomer. This indicates that

there is no strong steric influence on the trans—cis reversible isomerization of compound 1.
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2.1. Aek 2@ 7]7) 2—(4-aminophenoxy)ethanol (6)3H4
Aol ARt AFES AldrichAte] A& 250 mL 2-neck & HIY &2 SRS

FAste]  AABHA] . adiz  ARgskich 100 mLe} 4-nitrophenol (13.91g, 100 mmole),
TLC T2 Merck o] 60 F2545 AHE5FA T of NaOH (5.0g, 125 mmole) ¥ 2-bromoethanol

FE HA Al AHERE column chromatography (25.0g, 200 mmole)= ¥ 108 9 ALoA
= Merck®] 230-400 mesh silica—gel& AR&s}t Hol&E & MA3] 25 2 LHl:',— T 95 WA
ot 'H-NMR# “C-NMR(operation —at 100° CollA 3A1ZF #]ojztt, o] e
100MHz) data = Jeol ]NM-ECP 400 MHz Aleozm Wyzb T 308 ﬂ‘ﬂo}O% ixﬂs FHE3
NMR  Spectrometerg AHgoto] A UV/Vis AR & ARSI, Al FF4 100 mLAA]
Absorption datax= HPAFS] HP-8453 UV/Vis NEHE Al = Aqe =) P el
Spectrophotometer& Ag5to] At 2—(4-nitrophenoxy)ethanol-& Utk ( 12.161

g, 66.4%, mp 82°C).
2.2. T4 Scheme
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250 mL 2-neck B HE Z&kade] SRS
100 mLe} oA ¥ 2-(4-nitrophenoxy)
ethanol (9.159 g, 50 mmole) ¥ 70% NaSH
(7.208 g, 100 mmole)E ¥l 7Fgsto] UFE-2
T 90 WA 95CE 241 §A/1th. O & A

FE5I FEMgSO42 AZ § ojysta guf
€ A AAstd fd2 dAE FH5 100 mLo
A AR & SaAe] IAE I (6.538 g,

mp. @ 73~74 °C

'H-NMR (CDCls):

6 6.76 (d, J=4.2 Hz, 2H), 6.66 (d, J=4.2Hz,
2H), 4.02 (t, J=4.0 Hz, 2H), 391 (t, J=4.0
Hz, 2H)

4-[4-(2-hydroxyethoxy)phenylazolphenol (5)<]
&+

250 mL 2-neck B HE E&ade] SR/
90 mLe} oA @43t 2-(4-aminophenoxy)
ethanol (6.538 g,42.7 mmole), ZFFAF (8.9
mL, 106.8 mmole)& Eil Ao]FHA YR2E
5C2 YZAZth o719 sodium nitrite(3.038
g, 44 mmole)E FFHT30 mlel| &1 §HS
5CoA WA Aol FHA AR 7hds) F
a0 5WA] 15CTE IARE §AIAA Hotxst jhE
2 HEAZIE g2 500 mL 2-neck S HHE
ZetaFo] SR/ 60 mLet phenol (4.42g, 47
mmole), K,COs3 (7.5g, 54 mmole)E 23 # o]
FHA dropping funnel2 ©]-85to] oA ¥
totx3l g3 §HRE oF 1083t d4 T
a1 A4 3AZF Wyt sho] ¥R kA
It} whgotg & 24ko 2 pH 4] 52 %

4
A

N

st 2= AlH § Hxste] o
Elo

2 >

5

=
24T 100 mLof|A] AAHsI] gt
£ 99Ith.(10.932 g, 90.1%)

mp. © 129~131 C
'H-NMR (DMSO-Dy):

& 10.16 (s, 1H), 7.72~7.80 (m, 4H), 7.14
(d, J=9.0 Hz, 2H), 6.91 (d, J=9.0 Hz, 2H),
4.90 (s, 1H), 4.07 (t, J=4.7 Hz, 2H), 3.75 (s,
J=4.7 Hz, 2H)

£ i

A

T LA R

2-{4-[4-(12-bromododecyloxy)phenylazo] phen
oxy}ethanol (4)¢] 34

250 mL 2-neck G HFE EghAFof YollA
Eieskls 4-[4-(2-
phenylazolphenol  (10.328 g, 40 mmole),
1,12-dibromo dodecane (13.13 g, 40 mmole),
K,COs3  (5.53g, 40 mmole) @ DMF 80 mL&E
93 A4 1% stlA Aol 2RA AAE e
skl UiE 22X 75 WA 80TCellA 1AZE F3t
Holzth 1§ Aeosm whshw, o W
o 2R oF 400mLol AolEWA FlalE
L2t A7 AAET ARoA 308 AolF
of IAE F&ES A AR ¥ oifsty E=

Z Skl flash chromatography(SiO,,

chloroform : ethylacetate = 4:1)2 AA|5}l] =
o A2 AYTH(5.324 g, 26.3%)
mp. : 129~131 €
'H-NMR (CDCly):
§ 7.85~7.89 (m, 4H), 6.97~7.04 (m, 4H),
416 (t, J=4.2 Hz, 2H), 4.00~4.05 (m,4H),
341 (¢, J=6.8 Hz, 2H), 1.76~1.90 (m, 4H),
1.29 (broad, 16H)

hydroxyethoxy)

-
&
Ll

malonic acid 2-{4-[4-(12-bromododecyloxy)
phenylazolphenoxylethyl ester (3)¢] 34

100 mL 2-neck &< HE Ekaz
Dean—Stark trap& AXsta  goflA] AT
2—{4-[4-(12-bromododecyloxy)phenylazo]lphen
oxylethanol ~ (3.032 g, 6.0 mmole), diethyl
malonate(1.064 g, 6.6
p—toluenesulfonic acid monohydrate (0.114 g,
0.6 mmole) ¥ xylene (40mL)& U T 714
Sto] 3A7E Bt Eo] ReEEo] Yers gg
At 1 5 BuiE AYSF oto] AlAsHL,
flash chromatography (SiO, 100% chloroform)
2 AAstd dxF wAE dAth(1.732g,
46.7%)
mp. - 136~138 C
'H-NMR (CDCly):
6 7.85 (m, 4H), 6.96~7.02 (m, 4H), 4.53
(t, J=4.6 Hz, 2H), 4.16~4.28 (m4H), 4.02 (t,
J=6.6 Hz, 2H), 3.38~3.52 (m, 4H), 1.83~1.88
(m, 4H), 1.29 (broad, 19H)

mmole),
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500 mL 2-neck S HE SEkAF0
toluene 300 mLe} ¢FollA A malonic acid
2-{4-[4-(12-bromododecyloxy)phenylazo]phen
oxylethyl ester (195.2 mg, 0.315 mmole), Ceo
(fullerene, 207mg, 0.286 mmole), iodine (91mg,
0.36mmole)& ¥ HAa 7|F StollA AojErh
o] golo]l DBU(1,8~diazabicyclo[5,4,0lundec~7
—ene, 0.107 ml, 0.71 mmole)& 7}stal 7A|7F
B AN Aol BulE HYAAS
flash  chromatography (SiO,  chloroform
n—hexane=3:1D)Z AAlsle] 24 THE AUt
(135 mg, 35.3%)
mp. : »195 C(dec.)
'H-NMR (CDCly):

& 7.86 (d, J= 9.0H, 4H), 7.00 (, ]=9.0 Hz,
4H), 4.90 (, J=4.4 Hz, 2H), 452 (q, J=7.1
Hz, 2H), 4.46 (t, J=4.6 Hz, 2H), 4.03 (¢,
J=6.6 Hz, 2H), 341 G, J=7.0 Hz 2H),
1.79~1.90 (m,4H), 1.29~1.56 (m, 19H)
PC-NMR (CDCly):

6 163.7, 163.4, 161.3, 160.0, 147.5, 146.8,

145.24, 14523, 145.1, 145.0, 1449, 1448,
144.6, 144.5, 1439, 143.8, 143.0, 142.9,
142.2, 141.8, 1409, 139.3, 138.7, 124.4,

114.6, 71.5, 68.3, 65.7, 65.2, 63.6, 34.0, 32.8,
29.5, 29.4, 29.2, 28.7, 28.1, 26.0, 14.2
FAB-Mass : m/z 1337(M"), 818, 709, 665,
664, 625, 437, 415

SE 1 9 A4

40%  trimethylamine 488 1.0g (6.77
mmole)2 10 mL2] chloroformo] 7}5}o] #of
F % chloroform3& E&ste] B4 MgSOE2
AZAZILE, 50mL 1-neck S visr ZgtA3
of chloroform &A1} grellA et 3= 2
(53.5 mg, 0.04mmole)= P septum sealing
S A2oflA 4847t AHolErh 1§ n-hexane
30mLE 7fste] IAE AE AA oisia
n—hexane} chloroform 1:1 Eg-gHoA A
A oto] A TIAE AATh( 43 mg, 76.9%)
mp. : 215 C(dec.)
'H-NMR (CDCly):

A7NE e At Z39 feA9 9% 2484 5

& 785 (d, J= 6.6H, 4H), 6.97~7.03 (m,
4H), 4.89 (t, J=3.5 Hz, 2H), 4.52 (q, ]J=5.3
Hz, 2H), 4.44 (, ]=3.3 Hz 2H), 4.03 (,
J=5.0 Hz, 2H), 3.52~3.57 (m, 2H), 3.44 (s,
9H), 1.78~1.85 (m,4H), 1.28  1.47 (m, 19H)
BC-NMR (CDCly):

& 1637, 163.3, 161.3, 160.0, 147.5, 146.8,

1452, 145.1, 145.05, 145.0, 144.8, 144.6,
144.59, 144.54, 1439, 143.8, 143.0, 142.9,
142.2, 141.8, 1409, 139.3, 138.7, 124.4,

114.7, 71.4, 68.3, 67.2, 65.8, 65.2, 63.6, 53.4,
31.5, 29.4, 29.2, 26.1, 26.0, 23.2, 14.2

UV/VIS (CHCl;, 107): A max(nm)
[ £1=351[38358]
Anal. Caled for CosHsoBrN3;Og @ C 80.80, H

3.61, N 3.01. Found C 80.72, H 3.58, N 3.05

3. A3 4 3z

F olddst EAS Folshr] fls)
Z WA (azobenzene)”7] &

of & &ejxl HotxAEY
Astgal Az EAS BT &9
o &Y Felder5ol WS Hgsiol
DBU(1,8- diazabicyclo[5,4,0lundec=7-ene) <}
iodine &A stolA Z2#S malonate 7 &
o] FFol 7HHY7E Z= acidic®t methylene
715 ZAEE A FHAQ RtE 3 1 §kE
AlA 54 SgES s stE 3 o &

o] acidicgt methylene”] & ©]-8stE WHL Z¢
A ofxHIAYE FHEATeR dF o= 7P

Hherz et g o2 Az

HolxAEY g2 90% olde] wEHAd &
EES UEHUAARE 2= 4 300 dasr
120] dZAI =9 §hg go] 30% "[To=w
Az, WRgREet Al o xdshd whg
F&2 o 294 Aoz woErh  EZEEl
Y32 Feldersol 7183 37%<¢H H]
353%° F&= 2RME 25 Aokl 2t
2 9] FAB-Mass Spectrume Fig. 1 o YE}
ol EAF dAsHE peakM)E &1 &

Atk

I oo N>

38 o

=
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Fig. 1 FAB-Mass Spectrum of Compound 2.
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Fig. 2. "C-NMR Spectrum of Compound 1(in CDCly)
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£ ¥ 7 U= ¢ 7 Sk
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S22 peaks 0] WEl=T] Fig. 2 o YE
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W 3HFE 1 9] PC-NMR Spectrumo] A= 2l
2 4 3l
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3 el
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351nmY Y] SHEE= Fx EFol&1 450nm
F99 FFE= v|sirt Eolve B25E o
olgt 4= Qledl, ©]Z2 fans-azobenzene ©|
cis—azobenzene 0.2 W 7l= Z=AZ AP
3 o] A3Hphotoisomerization) £ & Hof
Zr}h.(Fig. 3) &F 150% o|Fol&e ¢ ol &%
FHNA FFETE FolEAY EolUA] e 2
SHE] (photostationary state)ol] =E3HA F|a1,
I 5 A 25°C ¢k 6AIRE WA|sHH ThA]
A7 ANl frans-azobenzene o FFEE E
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U= gAYFA (thermal reversion)S T g
Utk ey bR 4l gh ddlS oF
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HiZ AghEE ge 4 qlrh o]gA ¥
AAEE T KA St ofxdiAY]
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Fig. 3. UV absorption spectra of compound 1
under irradiation conditions (365nm: 0,
15, 30, 60, 90 and150s)

4. 4 &
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£ AF85k= 94l trimethylamine 4894
chloroform 02 F&35}0] A& 5L
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