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Abstract : Novel azacrown ether containing blue-light emitting anthracene fluorophore, 9,10—bis{p—
(1—aza—18—crown—=6)methylphenyll anthracene (3) and N.N-bis[9— (p—methylphenyl) anthracenyl—
methyl]l —1,6—diaza—18—crown—6 (4) were prepared by reacting anthracene derivatives 1 and 2 with
mono— and diaza—18—crown—6, respectively. Also, crown ether containing fluorophore copolymer (5)
were prepared by reacting 1,6—diaza—18—crown—56 with 1. Their fluorescence emission spectral studies
were investigated by binding group 1, group II and various metal cations. The fluorophores showed an
absorption at Anax =372 nm and an emission at Amgx =430 nm. pH Dependency of fluoroscence emission
intensity were examined to determine the optimum pH for the fluorophores.
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Synthesis and Luminescent Characteristics of Anthracene Fluoroionophores
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Fs g o] Wslel] 71/18ke Rolok. 53] 1E] el Ah '?’J.Z]'
7} E&3k3 1= azacrown ether SME5-2 v|AAEE Wk

sRRIET ditebd WS sigkEol 2 AW o] A7)l °§3§
< Ttk &, crown ether?} E8HE & ofwl gkol29] &
o] AP 71l Za gld FFA7|7T FRSAY e dAlE
o} 338 el azacrownd 22 AAUA) n—-FH HF
A2t AEA 79} 2L spacerE Alololl 1 £A3= photo—
induced electron transfer (PET) & 838 Uil AxFA
T3 AzxpdA) 28] FH37F Ho] 9= photo—induced
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Figure 1. Principle of cation recognition by fluorescent PET
process.

charge transfer (PCT) 7} th& o] o] & FMo| 7153l0d che~
mosensor®A -8-9°] ElE 1 gIth!® ® o)gjst PET @Ak
Figure 1efl viehet wie} 2ho] g7} of7dej2 =l HOMO
(highest occupied molecular orbital) 2] HA7} LUMO (lowest
unoccupied molecular orbital) & FHE T o]yt Re] PET <]
A ol FgAe £ AAFA ) HOMOZRE A9
HOMOZ PETE 7FsélA sb1 8% gk 5312 vehdct. 79
U o) F&o) Lojuhd HOMO7ZF F3412) HOMORTH oy
< JUAE 7INER PETE o oWt 715381 o} &3 4do)
AAET 5 FF ZEr ol A} Sl ==,

E3E HFAle) A azacrown®] PFRERIY|, o]7le Bt
Al Eoz 3 2107 4o A7) pH o2& sega] vt
ERA| g}

Ty BHLHNE A} FARE) 7)E 184} fluoroiono~
phore= ##Z &7} Qltk # AFoXE= vjAA} 2 e 9
Axe] A w57 A 9,10~diphenylanthracne ©)1E 71
GFAZ 9,10-bis (p-bromomethylphenyl) anthracene & 3
st om, 1 9 = FHel azacrown ether® 7} fluoro—
ionophore®] F2 #gle] FAE Fgal] 8 2 FERA
FBA & ol 2709 crown ether& 714 9,10~bis[p— (1~
aza—18—crown—6)methylphenyl] anthracene crown ether
& Gl 2719) H3H) dYE AR = N.N=bis[9— (p—methyl—
phenyl anthracenylmethyl]l —1,6—diaza—18 —crown—6 T&31
2} fluoroionophored 33t} S5 28 /3¢ W o)
APZ17F S8 B QA= @4e 24K, crown ether
FEAS] pH W3lell w2 7o) whgsgde zAlEn

Al
=

oo

Al2F 8 717 Aol ARgE AJoko 2 1 6~diaza—18—crown—
6, 1—aza—18—crown 6—cther (I'CL Co.), sodium bicarbonate
= A glo] Alekag aulE ARgsigich 9,10-Bis(p—me—
thylphenyl) anthracene 1,9—dibromoanthracene®} p—tolyl—
boronic acidE A8 A Suzki HHe-0 R A3} 2%
B2 ALESE acetonitrile Call, 2 E-S A8 § ZFs)oy
AREBIC 7, carbon tetrachloride (BARE) = 8ha) Zgsm
AT MgSO.& B& AAst] 231991, tetrahydrofuran
(THF, 9A¥eRE) 2 sodium¥} benzophenone O A% ZF3}0]

AREEFITE 12]3 isopropyl alcoholIPA), olEo}AlgolE, &
<, dichloromethane, n—&4t, Wghg, diethyl ether$} %Fo]&
FEHPANA AR AR (95%, GAEE) S A glo) Aot
e IUE ARSISITE FRs 13F 58] Aesigi)

T2 892 93t 'H NMR A¥EZ8E Varian Unity Inova
(200 MHz) & AR&3te] dojxlon, A9 ~FE2E BioRad
FTS135 &34718 AM3lo] dojzin). Jelm 94 B8 Yanaco
MT~3 CHN-Analyzer, 3% 4L Spectrophotometer
Shimazu RF—-5301& AM8k] 2AL8131Th

9,10-Bis(p-bromomethylphenyllanthracene (1)2] g4, 37 Z
227250 mL)ofl A F9 A9} 2Hst2u)y] el gzt
7% 72218k 9,10~bis (p~methylphenyl) anthracene (5.00 g,
13.05 mmol) & AFASerA (50 mL) o) wykste] g8jA)7] T
benzoyl peroxide (0.05 g, 0.20 mmol} & Hrlsisict. agx
N-bromosuccinimide (1.22 g, 6.25 mmol, NBS) & A}ad3lebs
(50 mL) ol of N3] Halat 3 24417 £t &7 wwkalginh
Whgo] 45¥ F methylene chlorideo] €814 1 N 9z
E3} GIEF FEAE WAlele] §712S Hoju T Ruz
78 o)lget] FESN O B Bk IuHo T SR A)
Aska §E FEAZY AxE WHES odolAlEo) &/
AH(1/2) o ARk

1: Yield 68%. FTIR(KBr, cm ™) 3055~3030 (aromatic C~
H), 2955~2880 (aliphatic C—H), 'H NMR (CDCls, ppm) 7.70
~7.25(m, 16 H, ArH), 4.70(s, 4 H, —=CHy—). Anal. Caled for
CogHzoBr2(516.27): C, 65.14%; H, 3.90%. Found: C, 65.20%;
H, 3.84.

9-(p-Bromomethyphenyl)-10-(p-methylphenyl)anthracene
(2)2] &Y. 2= NBSS] 42 1W12 el3 Ad73 402 142 of
HoMEHO|ER AAY3 5 22302 AlFRI AdAe AL
Aeleta 22 A8 Wi o2 Azsiict

2: Yield 42%. FTIR (KBr, em ™) 3065 ~3030 (aromatic C—~
H), 2955~2860 (aliphatic C—H). 'H NMR (CDCls, ppm) 7.70
~7.25(m, 16 H, ArH), 4.70(s, 2 H, —CH~), 2.30(s, 3 H,
—~CH3y. Anal. Calcd for CosHpBr(437.37) : C. 76.89%:; H,
4.84%. Found: C, 76.91%; H, 4.81%.

9,10-Bislp-(1-aza-18-crown-6)methylphenyllanthracene (3)
2 g 37 HHAT(100 mL) ol A4 F9) A9} dabguy)
225 SRYA7)E HAEAL 1—aza—18—crown—6(0.12 g,
0.465 mmoD & THF(10 mL) 9l %9 3 sodium bicarbonate
(0.04 g, 0.465 mmoD & Y3 30837+ Nksiele}. T8lw 1
(0.10 g, 0.19 mmol) & THF (10 mL) ] €344 H313] &a}
T 2403 5ok B wRkeIih whgo] 9hEE F 3d 2
W7)E ol 48 A AT, methylene chloride® 23}
Stk e FAkavlee el SRS AR & 3 2
71E olgate] &nlE FUAF T Azsignl Azy AR
< AP 95l orEYE"R fARE

3: Yield 74%. FTIR(KBr, cm™") 3060~3020 (aromatic C—~
H), 2980~2850 (aliphatic C—H), 1210~1110(C—0 and C—
N). 'H NMR(CDCls, ppm) 7.7~7.25(m, 16 H, ArH—anthra—
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cene), 3.90 (s, 4 H, Ar—CHz-), 3.70(m, 40 H, —OCHz~),
2.95(, 8 H, ~NCHz—). UV—Vis(EtOH) Anx=373 nm. PL
(EtOH, 373 nm) Anax=431 nm. Anal. Calcd for CsoHgeNoOqg
(881.10): C, 70.88%; H, 7.78%; N, 3.18%. Found: C, 70.75%;
H, 7.82%:; N, 3.15%.

N.N-Bis[9-(p-methylphenyllanthracenyimethyll - 1,6~diaza- 18-
rown-6 (4)2] g8, 37 Z€k~3(100 mL) ol F4 ¢ A<}
Aslzu7) 123 5z 1E AABEE 1,6—diaza—18—crown—
6(0.50 g, 2.00 mmol) & THF(10 mL) ¢l =¢1 & sodium bi—
carbonate (0.04 g, 0.465 mmol) & 931 & £7+ mursiich. 1%
a1 2(0.44 g, 1.00 mmolE THF(10 mL)ol| &3a)|AjA 3]
Aalel & 2417 B4 B85 mEEEFITE Whgo) g d F 3
Z97) & o] 831 §u)S A|ASLL methylene chloride® 3%
i) 5 g Wleke) RS AR ¥ I e
715 ol g3t s FIAA F dxalgit X8 e
8AEE7] A3t BotAE|o) E/n-A1H2/3) 2 & AT

4: Yield 69%. FTIR(KBr, cm™") 3060~3030 (aromatic C—~
H), 2970~2860( aliphatic C—H), 1200~1110(C~0 and C—
N). 'H NMR(CDCls, ppm) 7.70~7.24(m, 32 H, ArH—an—
thracene), 3.91(s, 4 H, Ar—CH>—), 3.70(m, 16 H, —OCHz—),
2.95(t, 8 H, -NCHz—), 2.30(s, 6 H, 2 —CHs). UV—-Vis(EtOH)
Aeax=372 nm. PL(EtOH, 372 nm) Amax=430 nm. Anal. Calcd
for CegHesN204(975.26): C, 83.75%; H, 6.77%; N, 2.87%.
Found: C, 83.70%; H, 6.81%; N, 2.89%.

X} Fluorcionophore (5)2] B, 37 Zet23 (50 mL) < A
& 59 A9 Astaur) Jeln SE771E X8k diaza—
18—crown—6(0.10 g, 0.39 mmol) < N N—dimethylform—
amide (DMF, 5 mL)o} =< & triethyl amine(0.24 g, 2.32
mmol) & ¥y 4 Bzr mwetdct 72w 1020 g 0.39
mmol)& DMF (6 mL)°ll §3iA|A X8| Aejet & 24X &
Q110 ColM Rt} Hh-go] #58 F diethyl etheref] #|
HAslo] oj 78t 3ol methylene chioride® F=3519c). = 3
At IlEE HoBl] 88 AlAS § sl SE7IE o]gstod
FuiE AAg 3 2F xs)Isi

5: Yield 76%. FTIR (KBr, cm™") 3058 ~3023 (aromatic C—
H), 2960 ~2860 (aliphatic C—H), 1210~1110(C—0 and C~N),
"H NMR (CDCls, ppm) 8.15~7.25(m, 16 H, ArH~anthracene),
4.08(s, 2 H, Ar—CHy), 3.86~3.52(m, 16 H, —~OCHz—), 3.17
(bs, 8 H, —NCH3z~). UV—Vis(EtOH) Ana=372 nm. PL (EtOH,
372 nm) Amax =430 nm. Anal. Calcd for C4oHysN204(617.80):
C, 7777%; H, 7.34%; N, 4.53%. Found: C, 77.75%; H,
7.44%; N, 4.52%.

Yol F&E0| WE WAUSM AL A7) FFAT 2EE L9
(0.06 mM) 3} S0l €9(1.0 mM)Z 95% olgtgol gs)&t
o Azstsivh 282 FFA 39 % crown etherd e
7HA A Q7Y wiEell BHHH) 2 mLoll BRE WFo 0.5, 1 I3
3 FHOE AF 2 mLY 3% §HE Axae] EFste] FHgst
Rtk 429 79 crown etherE F7tell 174 7Fx|3L §17] wiell
ojAe) “FeEhE FEY FE5§AE ANtk FEA 52 AS-

=2, A308 ALZ, 20064

crown ether$t F371 2o FF5EA0]7) wiFo) L& o
2 35 g8 A7t & 58 5¢k Vortex® wHIEF & fluore—
scence spectrophotometerg AME-a10] FHE4=373(372 nm)
o AFEAIE ZARISIT) pH Q&S A7) F3AE &lo| Rb*
7 F%3)| A= st RAVNE SR F triflic acid
(10 mM) £ 718t pHE WAl ok B3A71E S48 3
7Fat3ith

di HEE

9,10—Bis (p—methylphenyl) anthracene2 9,10~dibromo—
anthracene™ p—methylphenyl boronic acid Z18]1 tetrakis
(triphenylphosphine) palladium (0) FE Algale] A& A
Suzuki ¥Hg-0 2 23EATEP 9 10-Bis (p—bromomethyl~
phenyl anthracene (1) & 9— (p—bromomethyphenyl) —10—
(p—methylphenyl)anthracene (2) &) $42 Scheme 1°| V}EF
v ukgl Zo] NBSS ofg& 2Esle] 9,10~bis (p—methyl~
phenyl) anthracene®] Wer)9] 4% &= 2% BE38le] M
B3ic

12 2.5 &2 NBSE AHg3le] Algls 25 BE3ste] st
Aok WHEES AAIsE] Aste] oMo E/ p-Eito R
ANAgste] At 2= 9,10—bis (p~methylphenyl) anthra—
cene9t NBS?) g Y3 E58 ARSI #bg 55 wE7] 274
7t 2EEE7] A3lsls AlE TLCE 335322 528300 ¥
Fst AdoAEo|EG AR Eitelr AAA ] TAJsIFTh
'H NMR A#E8S S 722 g% 23} 2.30 ppm =g
Y27 HESP} A8E]e] 4.70 ppmellA VERES ER1ESict

Aza—18—-crown—6% Il 7Ix& 9,10-bis[p— (1 —aza—
18~crown—=6)methylphenyl]anthracene (3) &} 412 Scheme

@, 2
Br O Br + 2 (Ho)2|3—<j>—CH3 M H;C O Q O CH,
9! W,
7 §7
NBS, BPO, CCl, BercCHzar + HaC O Q O CH8r
S
1

Scheme 1
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20l ViR e} ol 23} ojil-g Mdleh= BlZkER 1-aza—18-—
crown—6%} 2% acid acceptor2A] sodium bicarbonate2] Z4j
3lollA] sAdEint. vEH ) anthracene 37} o] 2 AeiAle
7F 2]2k=9Q] diaza—18—crown—62] o] 71X HHA), NN-
bis [9— (p—methylphenyl) anthracenylmethyl] —1,6—diaza— 18—
crown—6(4) ¥ Scheme 3o Werd v} 2o] 1,6—diaza—18~—
crown—6%} 2 B2 25 ¥H3A1AH s €3l fluoroio—
nophore?] 38t 2= FTIR, 'H-NMR AZEY J2)31 gak
Ao &sigirt. FTIRA ks C-HY| F59EE 3060
~3030 cm™ 'l ek en, 97 C-HY FFHEE 2960~
2860 cm™!, crown ether®] C—0% C-N9| F5HlE=i= 1210
~1110 cm ‘ol JepdS g1 5 ik 'H NMR AE
HojlA stEZHAS] 16742 A= 7.70~7.35 ppmollA Tt
Aoz vepstth 7e]a WA= 3.90 ppmeld dddeE
el o™, crown ether?] —OCHo— % N—CH.—9 =7} 232} 3.75
783 2.98 ppmelA 242 oAl iy Ao g vepd &
g B = U8l

1,6—Diaza—18—crown—6%} 12 WFg-AlA Scheme 4] e}
o Hke} 2ol F&ol2 ey o ® ARF 7 Qe IEA} fluo-

(_O 0_3 O NaHCO3, THF
NH HN + HiC Q O Q CH,Br
Lo o 9

7
4
Scheme 3
< o
(— _> NaHCO;, DMF
BrH,C Q Q O CHoBr + 2 NH HN 3 7
& o
/

Scheme 4

roionophoreE I S8A 9} acid acceptor?] H3|E A
TS TEsl] 34 7718019 DMFE ARSIt 3409 1
Ba} 349 818 72 'H-NMR#} FTIR AdEg o2 3R]
slsion, FohEs s 372 nme)z FHoPdsd 342 430 nm
A2 Flsigint dojA 1H7} fluoroionophores chloroform
THE, oll€olAHo|E, dimethylsulfoxide (DMSO) “18]3 DMF
off 2 ZaslR o oekS, acetonitriledlls A% FaEiic) A
9} GPCell 2J5lo] dojxl gro g sl & wiol] ujw3 & ¥
Zg HFQth 1HAEE 0.38 di/gelslow S 24
22 12500 g/mol ©1%1e v MWD+ 3.2°130th dojzl Z3hA
£ chloroformel £3l3le] fejdt $fofl BE& FYANZAES Wl @
©@afar £44%)7] 4 vo] FAE ik

7] fluoroionophoreel] o S ol o] Ast & dgA
719] WElE golr] AsiM FFA TEF 0.06 mME AZEH]
om, F5012E 1.0 mME E5F 95% olle-gol &allste] Ax3t
ot 29 3}gkE 39 735 FHAE Alolell FIL crown ether
£ Rl 71 Q7] wide) 29kl ol widsE vt
12 Stk whebA] 3] 2 mLol] S50l &4 0.5, 1 282 3
& T8l i HskE wEsielch B SRHE 49 AeE
2 w1953 7FXE crown ether®] ko] 37l EA517)
ol F50] 2EE o] A% o Fo T Y A dTE
Z = gluk =3 S| A ¥3A9) 1,6—diazacrown—62]
DOFEAR o]Fojx] 317] wiEol 3 crown ether?] H]
7} Zobx BslHE 37 49 F71 AAE AT vk B 4
ek HFEEE AR A Holg 372 372 nme)i Hoj
w5 2k 430 nmgl RS FQleiich

Table 19 okl 15 25 4 7]E} ofo)2of i3t
W7t e ook 223E 39 4% K'Y, Rb'$
off dFA7)7} 42~81% F7Ieh= AL 18 4 o o]
o] 2 Li'uk Na', 78]3 o] whge] & C <
W7} g Ao vkehdth wetA Figure 2(a)oll vehd kel
o] 28 3A 39 44 K', Rbol&7 uiish=dl Hgst A
o7 & 4 itk

27} qkol&2] A% wHA|7} s Foteh ol ATt
A7) we} 7 sk 32 Yokt 78 o] o] & Ba*'
79 713 £ WskE 1ol F3t) Figure 2(b) <X 3712 ko)
< 53 BT A EEA7E BoiFH ol ol AR
th= o 3hde] 7] witel elzt=¢) 4t vl BT u)
H£OF FHh

BE ool i

N

1l of
M oJ

<

3

FA7]

e

o iR

i lo

Yy 32
o

ol
o o

Tl

3lo o]29] ko ulebr] BE gzt=rt AEe

Table 1. Emission Intensity of Blue Anthracene Fluorophore with Various Cations

Product Intensity (A.U) 1 Group , 2 Group‘ ’ _ete. '
base Li* Na* K' Rb* Cs* Mg Ca?" St Ba®*  Agt APt B YH
3 160 160 210 270 290 200 185 200 205 210 220 300 290 291
4 192 192 220 270 285 210 205 210 210 230 235 295 305 315
5 180 181 190 275 280 205 200 205 215 250 226 295 302 310

[Product] =0.06 mM : [Metal ion] =1.0 mM : [3]/{Metal ion] =2/4(V/V) : [4]/[Metal ion]=2/2(V/V): [5]/[Metal ion] =2/2(V/V) : maximum absorption
wavelength Amax=372.1 nm), maximum emission wavelength (Amaxy=430.1 nm).
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Figure 2. Fluorescence spectra of 3 upon the addition with
(@) Rb" and AP*' at various concentration of metal cation
(The excitation wavelength is 372 nm).

—
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Figure 3. Fluorescence spectra of 4 upon the addition with
(@) blank, (b) Rb*, (c) Sr**, and (d) Eu®" (The excitation wave—
length is 372 nm).

slo] FAZ|7E Sk @48 B FUch 53] o2 w9l
& 7FA= crown ether?} %ol £9] oM F I B5F 2}
23 WgA717F 0% 94 7R AS ¢ 5 Uitk

E3] 37} o122 ¢ crown ether®] F53718} o245
2} Age] Asag o= o229 H7]9 BAIGe] FHY FagAd
Qe Fo2H ATl o] EAMT A7y A F
7HHe & 4 ST O o) o] Tt S R O wisERe
A ke

g 48] 75 FFRAst Sl 271 SASted 3% vl wst
o] 718 @ A vehRe F40)20] XEE uei 2
Wsleke 33} viwsle] 7haslch a8y 39 monoazacrown
ether®} 49 diazacrown ether?) xjojo] 2]k F&0]2.2] Meiy
9] zpol= YehIA] st} Figure 3ol vehd vlel o] o) 23}
o] AL AA] ge] FHeA KY, Rb'o] =4 vehid
Sr¥* el ButellA] 33 vlgEt Aol Uebde o 4 itk
124 Rb™Q) A9 50%, 22X 20~23%, 181 Eu®* s}
Yol 50~65% A717F FKsledth o)2e 119 Blzkest

il

Eg|H, #3078 As5&, 2006
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Figure 4. Fluorescence spectra’of polymeric fluoroionpphore
5 upon the addition with (a) Ba®*, (b) Ag®, and (c) AI**(The
excitation wavelength is 372 nm).
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Figure 5. Fluorescence Intensity versus pH for compound
model compound 3 and polymeric fluoroionophore 5.
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