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(excited-state intramolecular proton transfer, ESIPT), %A}
73} o] &’ (intramolecular charge transfer, ICT) 52
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EE: 5 AIAEEAN WFAES R8s 25t HEAE §23(PPHBO)E 2,5-dihexyloxybenzene-1,4-
diboronic acid®} r-butoxycarbonyl(+-Boc)”| 2 X|3HE HWIFAIEES ALESle] Ao, o] Faty JEe =4
S}, UV XAt Qe §gAllo] Wstels 545 o83l 4 Y-S T35t r-BocZI7F B /AR SE Wl
TAE SEHE] gdox e}l adollA B JAE AL conformation FAA EAE O, o]& 7HEOE o]
st A At o5 548 ol&dte] ¥ el ARSI MSAE StES PVASH &6, A
2 dlo]HE 7RO R Bl UV A eJsle] Fgo] Wslshs EAS o83l UV 3715 9 AAE AA81
B7NE AAEEA EEAHES AT

Abstract: p-Phenylene dihydroxyphenylbenzoxazole (PPHBO) compound was synthesized with #-butoxycarbonyl (-
Boc)-protected benzoxazole moiety and 2,5-dihexyloxybenzene-1,4-diboronic acid, followed by cleavage of the #~Boc
group, in which PPHBO would be used for optical recording because of its unique photophysical properties. The optical
properties of PPHBO were investigated in solution and in the solid state in terms of molecular conformation. The intra-
molecular proton transfer in PPHBO was used for fluorescence patterning. The solid film (mixed with PVA) on silicon
wafer showed fluorescence quenching under UV irradiation, which was used for photo-triggered recording and erasing.

Keywords: hydroxyphenylbenzoxazole, fluorescence patterning, optical recording.
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/8 EAFES ol&ste] mlo|ARNY =714 o|mA|E
HHEA o2 7|8 9 AA|ste], ¥ f7] BAE 275 A
T A2 ARGEH] 93 B2 AF Jd A glom,
H ORI ofug}, Gof| ofste] AjALEo] 7hsdE ZHY )
50| 7M1 dEst AFE AREste] JHLE AT o] gk
N3} Y ks SEHAA, 715 A% AR 2= A 7]
2 g AA R deE] ARE AL Jlon, oheFst HH = A}
£0] o|=9] 1A, 4 KA o] =& AR} ol s S
AL A7) wiel] W A7} o]FHA|AL Uk FH2oll=
Ak A (photoacid generator)S AFS-3HA] oL w3} &
3 HBO 22ke] ofm|A] sfEido] A3 ¥ o™ 254 nm
°] UV Al w2t HBO 2ite] 4% WiAYUSES Hest
Al WAIA] edtt. 7 Aol ol g MISAES] 4
HAUES X171 $181d p-phenylene dihydroxyphenylben-
zoxazole(PPHBO)YS $HA311L, o] 313HE-2] g9z} Ak
A @F 5SS B8], ESIPTE zh= ®A19] Fof 23k
2o MAUSS ARG, 352422 PPHBOE &

fHe TR vtElo] AAMgo] FFs e YoEde] 7hse
Hhal A st
4

717]. '"H NMR Z=#E3-2 Bruker ARX-300 spectrometer
S AFE3te] A o™, UVvis 2 EH LS Varjan 50 Bio
spectrometers AH&-ste] S48t FF S EYL A3
T7F 94+ PTI Quartamaster Q/M-4/2003 spectrometerS A}
83t dlom, B3 Hhte] AR Canon A80 TIAIE 7}
Hebs ARg-ste] G5t

ME A Al A ol AHEE 5-bromo-2-hydroxy-
benzoic acid(Aldrich), 2-aminophenol(Aldrich), di-fers-butyldi-
carbonate(Aldrich), 1,4-hydroxybenzoquinone(Aldrich), bromine
(Aldrich), 6-bromohexane(AcrosyS AA|3HA] ¥ Aok
2E 2183190t Zn)E A83H Aliquat 336(Aldrich), tetrakis
(triphenylphosphine) palladium(0), sodium carbonate(Acros),
magnesium sulfate(Acros), potassium hydroxide(Acros), 4-
dimethylaminopyridine(DMAP) (Aldrich), 4K Aldrich)= A]
k8-S AA|sHA] %5l AME-31 T Tetrahydrofuran(THF,
Aldrich)#} diethyl ether(Acros)= YRFAS AANHOZE
Falo] ARESIATE. oER2-(Acros), polyphosphoric acid(PPA,
Aldirch), N,N-dimethylformamide(DMF, Aldrich), E==2¥+&
(Aldrich), WIE-2-(Aldrich), trifluoroacetic acid(TFA, Ardrichj=
A §lo] AM8-81t}. 1,4-Phenylene diisothiocyanate(Aldrich),
Zz|We WEel=ZZdolE) (PMMAKRE Z2](HIE L) (PVA,
M, 60100, PDI 2.04; Flukay> AAIglo] AR5l

2-(Benzoxazol-2-yl)-4-bromophenol (1)2] &fA. 250 mL
2+ Z8239) 2-aminophenol(2.51 g, 23.03 mmol), 5-bro-

ZEH, A41E A4%, 20173

ojel

A

mosalicylic acid(5.5 g, 23.03 mmol), PPAGOmL)E ¥ &
A7b2s Bl EFES 130°ClA 417 53 kst
S -, AR08 WrhrZl o] EES deEel o A
s At o] IHES AFslaL Gol 242 AHE
oA E. Aol A A7 ste] AA|SEAL, 7S stoll AeollA
AZAA JAE AATHEE 594 g, 89%). 'H NMR (CDCls,
ppm): 6=11.44 (s, 1H), 8.16-7.04 (m, 7H).
tert-Butyl-2-(benzoxazole-2-yl)-4-bromophenyl carbonate
(2)2] 4. 250mL 37 ZehsIel] A shellA] 1007 g,
2.42 mmol)3} di-tert-butyldicarbonate(1.27 g, 5.82 mmol)E
gA1E THF(100 mLyl| €3] =21 -, 0.05 F°] DMAP
5 BATE A2oA] wnksh TLCE Wk T55 RIS
T, 9 EFE2 =0 ol AAE 4, AFsle] d& 1
A AdEs oleke&=E MHslo] mkS- di-rerr-butyldicarbonate
¢} DMAPE AASINAL, A& AE=E 7St shllA 1=xs)
Ath 'H NMR (CDCl;, ppm): 6=8.44 (s, 1H), 7.77 (d,
1H), 7.65 (d, 1H), 7.58 (d, 1H), 7.38 (m, 2H), 7.2 (d, 1H),
1.58 (s, 9H).
2,5-Dibromo-1,4-dihydroxybenzene@| &H4. 500 mL 3+
Z2239 hydroquinone(50 g, 0.454 mol), ©PHIE. 2240 mL)
S 93 w=2A] 29T Bromine(46.6 ml, 0.91 moly& o}
AE 2H200 mL)ol| 410} 10-15°CollA] ¢ wkg E3Eo] A
3] Gt o] £ NS 12417 B A4 wkg-3}
AL RS TR § ESHES Adel, oHE &S Ut st
oA GulE AATI ZAE AT o] BAAES HEEo
A AR BRI, AR T A2A F AZRSATHTE
29.9 g, 25%). '"H NMR (CDCl;, ppm): =6.98 (s, 2H).
2,5-Dibromo-1,4-dihexyloxybenzene2| &. 500 mL 3
T Zet~30] KOH(10.47 g, 186.6 mmol)S -] A A%
DMSO(360 mL)l| YWl of232 3jollA] 1A]7F Bt wEA o
HA7H 7R A AT, 2,5-dibromo-1,4-dihydroxybenzene
(5 g, 18.66 mol)7} 1-bromohexane(5.8 mL, 41.06 mmol)S- 713}
AL 1247 57t Aol A kST e 5, 7t st
Bl E HARE o] Yol2ollA] MEAT|AL, g &, 1
EhEE AT AGES ollehEollA] 2A7gste] gAst
(AL, AF 50°ColA Azt 1A S AJATHFE 451 g,
56%). "H NMR (CDCls, ppm): 5=7.08 (s, 2H), 3.95 (t, 4H),
1.8 (m, 4H), 1.49 (m, 4H), 1.37 (m, 8H), 0.9 (¢, 6H).
2,5-(1,4-Dihexyloxyphenyl)diboronic Acid (3)2] &HA.
250 mL 37 S22l 2.5-dibromo-1,4-dihexyloxybenzene
(2 g, 4.58 mmol)S FAE diethyl ether(20 mLyl =21 &, &
3lollA #-BuLi(2.5M in hexane, 5.05 mL)S #%3] 713F
Ao 12417F 2t wHksiSl). RE- FERAE -40°C
WZFAIZ] 3 triisopropylborate(2.3 mL, 10.05 mmol)E 2
Ao ® XS] AT s E)F wRkslelth A
2M, 50 mLyg ¥o] vH-2 FEAZ §, A ES Fof

r KR b




WSS SRMES TR TR ubelol e dlEd 643

elo] 226} diethyl ether® Al &}aL 749t alol] ALox 7
Z3le] IAE AATHEE 0.53 g, 32%). 'H NMR (CDCl,,
ppm): 8=7.16 (s, 2H), 3.95 (t, 4H), 1.25 (m, 8H), 0.85 (t,
6H).

PPHBOZ2| &HM. 2(0.3 g, 0.8 mmol)2} 3(0.15 g, 0.4 mmol),
Pd(0)S Na,CO; =& (1 M, 4 mL)z} THF(10 mL) &3t
HaL 80 °ColA 48A17F wRkelQiT Whg -, Ao g Y7t
Sl WhE S vlEkEol o] st 3578 +Boc-
PPHBOZ Ax3 &, Z22¥E(3 mLpll =°]3 TFAQ2 mL)
YL ofZ 2ol A 12A17F FRF wRESHATE whE- &, &l
S ZSF AlASIAL, 50 °CollA 7t AZSHATHTE 0.17 g,
60%). '"H NMR (CDCl;, ppm): 8=11.55 (s, 2H), 8.35 (s,
2H), 7.79-7.68 (m 4H), 7.62 (m, 2H), 7.41 (t, 4H), 7.2 (d,
2H), 7.06 (s, 2H), 3.99 (t, 4H), 1.78-1.23 (m, 16H), 0.78 (t,
6H).

PPHBOS &w®et 1EAL &tato] H|=. PPHBOS et
SRR vhebE Alxshr] g fa] 7] "ol HEs,
oM ECE £AFFHOZ A

Y
ol
o
&
™,
of

>
O
By’
o

=
o, PMMA E= PVAS] 22X E 84(0.5 wt%)2 A|=3}
31, o37]9] PPHBOE EsIAthLAtel tiste] Z12t 0.01,
0.05, 0.1 wt%). T-d3F wuke- A zsh7] 9Jsle] 842 0.2 um
FAP] ZHRE oA7sieh. 2EAF §98 713 ol $d3)
323 &, 29 FHE ARt 1000 rpmellA4 103, 2000
pmO 2 1037+ A&ste] 29 gt AlzE 1w}
whke ZFQ BolA] 50 °C, 12417F Az
MIO|2AL0|OH|0|ER 2| & Al2|Z 4ol M=, W=
A9 B9l ok BeHA] B4 A5 flste] Aol
Atolod|o| EVE Mg E & A do]#E FHlsHith. ¥

NaOH =&l 1247 &<t A2 slaL Dol &= 3] Al
2T} Yol g AEjollA 5% F<F sonicationdh
3, 1%9] GAt 83 Yol g, nX|Pto 2 mehg R A
231t} o] A dlolHE 97%2] 3-aminopropyltrimethyl-
silane(APTES, 5 mL)#} ©°]2(2 mL), We-&(48 mL)°] &
gl A|sIaL 304 52t sonicationS SISt HlolHE
HehET go]| 22 AHS F, A4 7TEAE Eo| 7AZRA
37, 135°CollA 307+ A lste] 4siAFAT. o] folHE
1,4-phenylene diisothiocyanate(100 mg)¢} ¥2]H (5 mL)yS §+
8 DMF(45 mL) 3-8l "7} 3412 &<t wH-SAIZ T
Bk ¥, DMF9} S22 ¥ 50 % & 3] AHsla i 7k
£ Eo] AxsiiTh
AlZ|2 ¢loji Z™Mo| PPHBOS| SRZE A

¢lo]¥ = PPHBOS} SEZF¥E(95 mL), DMF(5 mL)2| &
G A 3AIZE FRF WSS it vHeEE & 22

1 o =2

]

oo it

2EE3} DMFR 4 3] A3 %, 42 ke 2zsiic

UV ZXAL0] M2 PPHBO HYfafo| Zsjx AN &
I{E{d. PPHBOS Hi-she Ak wiee] B57d2 UVivis
337191 FF £B71E olgste] ARSI TLCS UV
HZ(254 nm)E AHESte] G2 FE S TSI

Ay o =2

PPHBO= -BocZ|E 3lo|E2247]71 HE ¥ wEAE 29}
2,5-(1,4-dihexyloxyphenyl)-diboronic acid 3E Pd(0) Zvjl <]
EAo|A] 227 AZHY WSO E Boc-PPHBOS 94 3
A8}, o]oA] rBocZ|E EH T slE WS Ealo] At
A THScheme 1). Figure 1 PPHBOS} +Boc-PPHBO Z 2
23FE £H(5x10° M)elAeF PPHBOS] a4koll A UViviseh
Hg 2 EYS JeRITE UVivis 2 EZ0A B PPHBO
9} -Boc-PPHBO= 300-350 nmol|A] S5 &5 ZH3L 9)o
), o]= 7} enol FEIC] S57°1™, 300 nm ©]38te] F=
#HE71¢] QJgolty. 74 PPHBOOIA B4 Wi F 77t
YelH, o]= 320 nmol|A] anti-enol®] &4~} 335 nm2]
syn-enol®] S0l &Mo|A Bt} §<= shoulder’} B W
Aetl, ole WSAE] 3FAE 4871 WEolth
(Scheme 2).% 3|3}51A] k& Tk HBO ©Hele 7|1 A+

N
o4
OH HO or °
. o] PPA /N:@ di-t-butyldicarbonate /Nj@
NHy o} o
Br Br Br
1 2

NN
o) HO O/\/\/\ o
Bry BN n-Buli
—= Br Br °——»  Br Br —  (HO)B B(OH),
KOH triisopropyl botate
(o] OH SO SO

3

Qo I/J
N= o) Q >L
Pd(0) ©
v o)
THF o]
7{ o] o} =N
////) 3 &
t-Boc-PPHBO

o] J_/_/
TFA N= o]
o
aSetes:
o =N
PPHBO

Scheme 1. Synthesis of 1, 2, 3, ~-Boc-PPHBO, and PPHBO.
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Figure 1. UV/vis and fluorescence spectra of #-Boc-PPHBO and
PPHBO in chloroform solutions (5x10° M) and PPHBO in the solid
state. For the fluorescence spectra, excitation was done at their cor-
responding absorption wavelengths.
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Scheme 2. Schematic illustration of ESIPT in (a) HBO; (b)
PPHBO.
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HEs Hof X E 3|gAE FTS BTt AT
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Figure 2. Excitation (dotted) and emission spectra (solid) of
PPHBO chloroform solutions at concentrations of 5.3x10%M
(orange), 0.1x107 M (green), 2.1x10° M (red), and solid film (blue)
for comparison.
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AR AT IY FY HHe dd Fxol 9% nn
Jo 8o o3t Al Tl 3]3S WE ]
5, PPHBO2] keto HE}7} 500 nm HF-ZollA =4 48 1}
ERfE= wHA | -Boc-PPHBOE ESIPTE Uo7 = &= dlo)
E224717F 10 420 nm F-29] HA P Bl o
1}, +Boc-PPHBO®} PPHBOS] EE2EXE 8§ (5x10°M)ell
A A8 247t 0.199) 0.0801H, ©]24 PPHBOS]
FAFEo] S AL o] o] LaloA TS YoT=
Aoz A7t

HBO®IA] &to]=547]= AR §uljdl] 93-S 7] oji
o] DMSO &ufell*] HBO®| &< % W& T W
go 2 olsslA ®th. Z2u PPHBOS] ¥4-& THF, DMSO
S HFEA SujolA ot mRV IR 2, F4AE WEE
AP Buol| M= 520 nm F-29] 32 Hold, o] 3IF +
Z7F ol g M e 7R A] ethe A UERNILH &,
PPHBO u}2te] ~HEd oA 3|t oj5te] F7He J4-S
Holw, uluto] o2l g8-2 84} 89 (0.08) MKt F uf o]
2 2 24018y 7HIAL, A of7] 2 ERE Aupd v
o2 o]F3Ath o] Figure 2014 Hole Al 7] thE
T gAA] of7]e} W A ER A ER1E 4 gl
AEmdlA 7] AHEYR Fo] FoAH 50nm H= T
g oS Hole v, e SHEYLS 7lwo] HalRh 1
ol g o] flth Tt ThE £ 7 2ol & H]
wat7] flEl of7] 2HEHS AL ST, PPHBOS] =
7} F7Vsel| wEt of7] 2EERL £ o 27lEAAY Aut
o2 olFalitt. 1o wE WE AHEHL IFEoA
g o olgshe e ZIdEtiey Ao s 1t
o] Wl gl ool tigt o] F shvke UViis 55
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Figure 3. Changes in quantum efficiencies (circle) and excitation
maxima (square) as a function of the concentrations of PPHBO.
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Figure 4. UV/vis and emission spectra of PPHBO/PMMA solid
solutions of 1 wt% (blue, A.,: 325 nm), 5 wt% (orange, A.,: 344 nm),
and 10 wt% (red, A..: 344 nm) of PPHBO. Spectra for 0.1 wt% were
omitted for the clarity. UV/vis absorption spectra for #~-Boc-PPHBO
solid film (black solid), PPHBO solution (black dotted) and PPHBO
solid film (black dashed) were plotted for comparison.
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A H91 A8AE Azt ZAVSITE PMMASL &
3¢t PPHBO 3424} vhete] W& 2# ERo] Figure 490 1.
ol 194 10 wt%7FA] 37§¢] T2 PPHBO §%=& 2h= 4t
gho] 33t AdS AR QI8 AxESI e SHEH

& 72t Fwe] P 2oEGAM AL, o] PO E

]

2 wpelel ] 3 e

645

5x10-2 T T T T T =
d20x06 S

. 4x102} %
5 A { 15x0s &
g 3x107f 1 @
S 9
o 1.0x106 £
S 2x102 0
@ e
o 0
@ 1x107} 0.5x106 3
8 8
< )
=)

0 0.0 T

300 350 400 450 500 550 600
Wavelength (nm)
Figure 5. UV/vis absorption and fluorescence spectra of PVA film

containing PPHBO before (black) and after 254 nm UV irradiation
for 60 min (orange). Excitation wavelength 320 nm.

] Eo] 1 wit% 7% 325nm, 5wi%2t 10 wt% 2=
344 nmE ARSSIGATE W S &M= WHE *EJE“HOI
HBO2| enol AEle] A& A1 #=2] 400 nmol|A] UERLL
0]74 Exp7} 84 StollA EAHE 1S o anti-enol?] 63

F2 FATHS oJu|sPH, anti-enol FEf] S M=o}
UrE‘rH~— 325 nmoflA] Htlj o7] %k% Zh= 207 3Rl5
t}. o] Boc-PPHBO®] &34 2HEH A o|u] HQl ule}
7+o 1| -Boc-PPHBOE 400 nm© ] Fo] kS &= ESIPT
£ HolA| UL, o]AL] T SHE-LS enol FHol ¢
325 nmel|A] vrEbsiTE.

PPHBO7} W& E21& 84| & (PMMA %= PVA)
of 4 Ago] o] FolX |, W= w2 guljel wet W)
o].oq 400 nm=E % o iJAﬂ j}ﬂ oﬂOﬂ =4 o]Eﬁ]-l:}- o]l:_
PPHBO7} &l8] @A 2 &R 5t=A], =& rotamer Y EI =
_,_ZH o]——‘:— ]52_ OLEq—[—Hﬂ o] /\lzﬂ o= 17%‘0_ %-L:_(l M%)_g]
PPHBO 3}HEolx= ESIPT/} Lojiuix] ¢tct. PPHBO 3}
HEo] Tt Sl Wk 400 nmellA] enol WE©] £
EHA] 500 nm FE2] keto HEo] A 741157_ 330 nmol|A]
o] syn-enol®] & YIAHT Z2F ¥ L& 340nm=E A
o7] spgo] ofggltt. 7} W& 4 465 anﬂH ofo]d
W28 3PS Zkar, o] 3 olstell ] % A== PPHBO
SIgHE9] Hlgo] STl whel 7hasgit)

St #Algle] &ollA PPHBO §43‘°l AR A
& 59 wolths ARS g1 flEl 2153 PVAE AL
Boto] wekS Azaiglnt. ol gt H‘“Wl 9} W 29
EdS Figure 59 L‘rEMOiE} 4 W=7} 320 nmell e
o, 3|3l 28 F4= =7} 370 nmollA] <F3HAl shoulder®
YeRsth 332 370 nmol|A4] PPHBO ©aFAo] =9} &
Stokes shift®] ESIPTO] ]38+ keto FENL] WR=7} 520 nmoll
A LHEREE
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Figure 6. Normalized excitation and emission spectra of PPHBO

monolayer on the surface of silicon wafer before (black) and after
254 nm irradiation for 2 h (red).

PVA©| =%1¥ PPHBO ¥HHe- Figure 5942 7o) A1
I ZA0] W= WieE 7EAH, ©]52 PPHBO #4RH ESIPT
o] gAol we} =AE Tt PPHBO BH2te] UV 3 ZALESR
B 3o tae 33l 7lEes Rk, =2 v
o] PPHBO £99] UVNhis T4 AHEHL UV FA} S0
400 nmett Zupgel A Z7F8 shoulders 7HIth. UV 33o)
Hd )7}t FdHo] H7] I3k St dUA 7t =, o]
£ AFE Ad 28] Apole] mn Al 2F HFL A
o] @A =2 ulebiEle] PPHBO®] 33l wiet 2HA] 4
o o8t o] TAE 72t} o] PPHBO A7} UV %
Aol e]ste] ofmgh FEa) §lo] BARE 39S FASohd,
olgfgt SA= G 2 &F A9l ofste] FRHY ]
Joju} 3HAI7E el g oz Eilo] & | EArRE 4
=t

slo|==217)9] EAol wel ESIPT/F dojuls AS 3l
317] 95te] PPHBOS AE|Z ¢loly %W 37423 st
=3k th. PPHBOY] slo|=E2417]9) o] @ Ale]ol|o] E
o} Whg-ate] =¥ PPHBO®] W& = EHS Figure 69
A%t PPHBO2] 3to]=524717} glo]5 ] #po] QAL
oloid|o| E7| e} FRA 7 gl met A Aoy
ESIPT:= dold 4= §lAl =lo] PPHBO= 2.4 enol FHZ
T EASA =T, eldet niel 2ol of7] 312 anti-enol
FHE|EHE 318 nmol|A] LEREe ], ArrA2] Stokes' shifts
Hol= 360 nmollA] 33 W=7} ok

PPHBO®| UV XA}l & REZX], J5H4] 2] ¥
£ #3387] 915ked, PPHBO HHabol] UVE A8 3,
HAn| S ARg-sled vhet o] Wslks At fel7|w
o] S22 ¥ E0] ¢l PPHBOZ 3} W8 "ojg] v gujE
73t sloll A ABK] Ax¥ PPHBO A2 EHE UV A}

ZEH, A41E A4%, 20173

oJeis

Figure 7. Fluorescence microscopic images of (a) PPHBO film on
glass; (b) after UV irradiation for 4 h.

Figure 8. Recovery of fluorescence of PVA films containing
PPHBO film after heating at 120 °C for 1 h.
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