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Z=E : Azacrown etherE X3Fsl= FAuky &34 9,10—bis[p— (1 —aza—18—crown—6)methyl phenyl]
anthracene 3) ¥ N, N—bis [9— (p—methylphenyl) anthracenylmethyl] —1,6 —diaza—18—crown—64) & <IE
2l 524 13 25 mono— X diaza—18—crown—62} RFSAIA 331} 9A] azacrown ethers X3}

£ W FFERAG) S 16-diaza—18—crown—69} 13 WA Feck A 15, 2% Te)3 ofe] 74
P4 ol 22 AP O BY WAY] Wl UIE ATZ Ak FRAE 4 =372 nmellA] A
FE 23 A =430 nmel] Fv) WYL woiFek. FYATE) A pH 2L 2k S8l B 23 A
719] pH SEAHE Z75to] sHir.

Abstract : Novel azacrown ether containing blue—light emitting anthracene fluorophore, 9,10—bis[p—
(1—aza—18—crown—6)methylphenyllanthracene (3) and /N,/N—bis[9— (p—methylphenyl) anthracenyl—
methyl] —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—6 with 1. Their fluorescence emission spectral studies
were investigated by binding group I, group II and various metal cations. The fluorophores showed an
absorption at An,=372 nm and an emission at An.x=430 nm. pH Dependency of fluoroscence emission
intensity were examined to determine the optimum pH for the fluorophores.
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Figure 1. Principle of cation recognition by fluorescent PET
process.

charge transfer (PCT) 7} t2]o|n] o]& §-40] 7}53}9] che—
mosensor24] -$-84do] ERlE L QIuk ¥ o]ejst PET @4
Figure 10l veRd vlel o] g7} o 7|2 = HOMO
(highest occupied molecular orbital) ©] A7} LUMO (lowest
unoccupied molecular orbital) 2 SZE ) ©]2st Zlo] PETe
Al fol A Heh= HATAIY HOMOZFE 3334)<]
HOMO® PETE 7Fsdotl ob &3 4 avs vekdrh 12
U ool F&ho] dofjupd HOMOZ|F 832l HOMOXTH ¢ v
& oUAIE 7 EE PETE U o1 7FsahA] Sdot & Avdo]
AAETh = FF A ol A Aol Sx1Eh

T8k Aol X138k azacrown?] IARBIQIH|, 0172 FHt
Axjolzo = Qg Zlow Fe] M7l pH g&Y rEA
ERbA| o

TP S ai R} FAKEl 7RE 14} fluoroiono—
phorex= &% o7} Gt & ATelMe vaAsE & te
Axz] A wkg 3334191 9,10—diphenylanthracne ©+1& 7171
A2 9,10—bis (p—bromomethylphenyl) anthracenes &4
silom, 1 A wi= F4e azacrown etherE 711 fluoro—
ionophore®] 7 &s}e] gl yrdabr] fla B9 slitEA
FgA oF Aol 2709] crown etherE 7FA|= 9,10—bis[p—(1—
aza—18—crown—6)methylphenyl] anthracene®} crown ether
& ool 2709 A D915 7= NN-bis[9- (p—methyl—
phenyl) anthracenylmethyl] —1,6 —diaza—18—crown—6 ~12]al
24} fluoroionophore s §dste] w5 2= Aol whe 939
A7} SREAY B GAlEE @S 2181 crown ether
A pH Wsle] W g e ARSI

A =
S

AleF & 717]. 3do)] ALEE AlekEC 2 1,6—diaza—18—crown—
6, 1—aza—18—crown 6—ether (TCI. Co.), sodium bicarbonate
v A glo] Alekgg aulE ARESEISIth 9,10—Bis(p~me—
thylphenyl) anthracene< 1,9—dibromoanthracene®} p—tolyl—
boronic acidZ AFg3lo] ARZQ] Suzki ¥W-$-07 A|Fa1ch
S| 2 AR3E acetonitrile Call,Z 22 AAS & F5731
AMEE191 01 carbon tetrachloride (BANRE) = 3t S7=
AT MgSO,2 & AlAs] ARFSI AL, tetrahydrofuran
(THF, 9AkekE) 2 sodium¥} benzophenone & & A% S35}

AF8-E15 L 18] 3 isopropyl alcohol(IPA), oEolAlEl0E, &
4ll, dichloromethane, n—3k, WghE, diethyl ether 2} %ol
FEAYANA AREE Aer2(95%, GakeRh) S A glo] Aok
o IUE ALY SR 1AF SR8k ARSI
T% #9193 'H NMR A#EZE Varian Unity Inova
(200 MHz) & AHgsle] dojxlom, Aod ~AFERLS BioRad
FTS135 #3715 ARS3te] dolxink 1]ar ¢4 w412 Yanaco
MT-3 CHN-Analyzer, 3333 542 Spectrophotometer
Shimazu RF=5301& AMHE8te] ZAKSHSIH.
9,10-Bis(o-bromomethylphenyl)anthracene (1)2] M. 37+ =
22~=1(250 mL) ol AA 4 x|} Hapban)y] Z1g)a SRzt
715 Ax)3kal 9,10—bis (p—methylphenyl) anthracene (5.00 g,
13.05 mmol) & AFE3teEA (50 mL) ol wwksle] E3A7] 1L
benzoyl peroxide (0.05 g, 0.20 mmol) & A7}t 183
N—bromosuccinimide (1.22 g, 6.25 mmol, NBS) & A} 3lebx
(50 mL) ol 5o 23] 28kt § 2487k 53t 3t wRESKIT
HEgo] ¢+5 % 3 methylene chloride®] €38A1A 1 N 934k}
23} SSMER F8Is Hrlste] RV Aold & iz
71E o] gste] FE3Nom T SladlEo R RS A
Astal §lE SEAATE AxE eSS AdoMAEo|E/n-
AE(1/2) ol 273t
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, —CH»—). Anal. Calcd for
CogHaoBr2(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= NBS?| &= 192 93 A% &8s 1212
SolAHo|ER A & 22172 A|FZ &t AEdAS s
Alg)sta 2 A WHo R A|x3Sit
2: Yield 42%. FTIR (KBr, cm ™) 3065~3030 (aromatic C—
H), 2955 ~2860 (aliphatic C—H). 'H NMR (CDCls, ppm) 7.70
~7.25(m, 16 H, ArF), 4.70(s, 2 H, —CH>), 2.30(s, 3 H,
—CH3) . Anal. Calcd for CogH21Br(437.37) : C, 76.89%; H,
4.84%. Found: C, 76.91%; H, 4.81%.
9,10-Bis[p-(1-aza-18-crown-6)methylphenyllanthracene (3)
of 88, 37 EekA=(100 mL) ol A4 ¢ Fx]9} Asp4u)7]
87 3R 2 AX)E 1—aza—18—crown—6(0.12 g,
0.465 mmol)= THF (10 mL)®l <1 ¥ sodium bicarbonate
(0.04 g, 0.465 mmol) & Yal 30%3+ wRESITE 18]3 1
(0.10 g, 0.19 mmol) & THF (10 mL) ]l €3lr1A 3] &35}
S 24412 B<t 5 WISl whgo] dsd ¥ 3H &
W75 o]g3te] EmjE A A3}, methylene chloride 2 &3}
Aok T HvEE Akl RS APIsE = 3
& o] &3] s SUAA My Azttt dxd W8 E
= A3 ste] o EVE-R AE Y33t
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—

N
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cene), 3.90 (s, 4 H, Ar—CH.—), 3.70(m, 40 H, —OCHz—),
2.95(, 8 H, —NCHz—). UV—=Vis(EtOH) Am.x=373 nm. PL
(EtOH, 373 nm) Amax=431 nm. Anal. Calcd for CseHggN2010
(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-methylphenyl)anthracenylmethyl]-1,6-diaza- 18-
rown-6 (4)2] 4. 37+ E2}~2(100 mL) ol Fa 41 F=x] 2k
HaPduyy] 18)al 82715 A8kl 1,6—diaza—18—crown—
6(0.50 g, 2.00 mmol) S THF (10 mL) el 521 3 sodium bi—
carbonate (0.04 g, 0.465 mmol) & ¥1l 4= 7+ wykslick g
a1 2(0.44 g, 1.00 mmol) & THF(10 mL) el g3jr]7 3]
A5t & 24417 Bt B wHkelSIc) vkso] guE & 3
S5 o] g3l £1E A A3, methylene chloride® &
SkGitE 5 SR lgS Arlsle] s AlAs & 3d S
71E olgste] §uE SHAIA MF AxEck Az YYES
A lste] olldotAlE o) E/n—31H(2/3) 0= AA7F3I3Tt

4: Yield 69%. FTIR(KBr, cm™") 3060~3030 (aromatic C—
D), 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)
Amax=372 nm. PL(EtOH, 372 nm) Amax=430 nm. Anal. Calcd
for CesHesN204(975.26): C, 83.75%; H, 6.77%; N, 2.87%.
Found: C, 83.70%; H, 6.81%; N, 2.89%.

TEX} Fluoroionophore (5)2] 8. 3+ Ze}~=.(50 mL) ol &
A Y AR} Aei2uy] 183 544715 XSkl diaza—
18—crown—6(0.10 g, 0.39 mmol)S N N—dimethylform—
amide (DMF, 5 mL) ]l %9 3 triethyl amine(0.24 g, 2.32
mmol)& Y¥Wi ¢ 3 wRkelek 78l 1(0.20 g, 0.39
mmol) & DMF (5 mL) ¢l §3llA 1A 3] Aaket & 2413k &
ek 110 Tl wHksT) Hkgo] k2% & diethyl etherel Al
sl oJ3sk o] methylene chloride® F&313it) ¥ &
AhEdleE A7Rete] s ASE § 3 SEVE o8-St
SlE AAT & 2 Az

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 (CDCl3, ppm) 8.15~7.25(m, 16 H, ArH—anthracene),
4.08(s, 2 H, Ar—CHy), 3.86~3.52(m, 16 H, —OCHy—), 3.17
(bs, 8 H, =NCHz—). UV—Vis (EtOH) Anx=372 nm. PL (EtOH,
372 nm) Amax=430 nm. Anal. Calcd for C4oHs5N204(617.80):
C, 77.77%; H, 7.34%; N, 4.53%. Found: C, 77.75%; H,
7.44%; N, 4.52%.

Ao FH0| w2 WLEM FTAL 7] FFA7)F 23t g9
(0.06 mM) 7 F470]2 494(1.0 mM) - 95% fler-&ol 43lls
o} Azsick. 183 FFA) 39 B9 crown ethers ol
ZHA 2L Q7] wiitel]l 3R] 2 mLel s 9] 0.5, 1 181
3 FFoR HE 2 mLY 7% SIS AFste] £ 8le] 43t
Tt 49 A9 crown etherg 3l 171 7H<aL Q7] wlieell
oA Ageh= FE F5&IE ARERISItE FEA 59 A5

=2/, A30¢¥ A5%, 2006

AET - A -

crown ether$} FFA7} wof 35 017] whitol] 22 WO
2 F5 298 UK & 5% 53t Vortex® WRESH - fluore—
scence spectrophotometer& ARE3F] Hth&=314(372 nm)
o HEIEAS ZARISICE pH 9 A7) FFAE §e Rb”
2 F83] Y=E YAt RAVIE S F triflic acid
(10 mM) & 7Fete] pHE ®IgiAIZ] oS A& 5743t 3
7}ttt
du d EE

9,10—Bis (p—methylphenyl) anthracene< 9,10—dibromo—
anthracene¥} p—methylphenyl boronic acid 12|11 tetrakis
(triphenylphosphine) palladium (0) ZFv]& ARE-sle] A& ZQ1
Suzuki ¥F&-02 A E* 9,10-Bis (p—bromomethyl—
phenyl) anthracene (1) 3}  9— (p—bromomethyphenyl) —10—
(p—methylphenyl) anthracene (2) ] 342 Scheme 1°1 Y€}
W oupkel Zo] NBS9| k& 43kl 9,10—bis (p—methyl—
phenyl) anthracene®] #I&7]€] 4 Hi= B5F HEslelo]
aFodek.

1= 2.5 =8 NBSE AHgste] vlgds BF HEglsto] P4}
Ak BEEES BAIBE] fAste] ddomEH ol E/n-dto R
AA7ste] At 2= 9,10—bis(p—methylphenyl) anthra—
cene$t NBSO| kS 5t &5 AMS3ta wkS- ©5 WE7] 271
7} BEslE7] Al&Bhs AlME TLCR A&7 0% F4350] ka2
A3l odolAHle|EL} AlEZ A eA AlA7gste] F/dsISITh
'H NMR AFERS 54 725 2913 23t 2.30 ppm2] €
FIAE BEsrF 218 o] 4.70 ppmelx] HEPe ER1ERIT

Aza—18—crown—6% 9] 7IK+= 9,10—bis[p— (1—aza—
18—crown—6) methylphenyl] anthracene (3) & -2 Scheme

Q Pd(PPhy);, K,CO; Q
Br Q Br + Z(HO)QB—O—CHE — » HC O Q O CH,

W
————» BH,C @ Q O CHBr + HsC @ Q Q CH,Br

Scheme 1
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20] YEeRS ke o] 23} oIS E3sk= BIFER 1—aza— 18—
crown—62} 2% acid acceptor 24 sodium bicarbonate2] =4
Blol| A A5t} HhHe) anthracene 235k 7} o] 2 AL
712 F71EQ] diaza—18—crown—62] o) 71X+ &4, NN-
bis [9— (p—methylphenyl) anthracenylmethyl] —1,6 —diaza—18—
crown—6(4)+= Scheme 3°f YERt v} 2ol 1,6—diaza—18~—
crown—6%} 2 2] 25 H-3AIA E/331elk fdolR fluoroio—
nophore?] 8t 73 FTIR, 'H-NMR A EY T8]a gk
Ao ZRISHTE FTIRA Wa= C-He FHEs 3060
~3030 cm ™ 'oll UEREom, 9 C-HO| FEu=i 2960~
2860 cm !, crown ether®] C—08} C—N2| ZFmMEE 1210
~1110 cm™ oA YepdS 2l1g 5= 91lrk 'H NMR A=
HollA kM) 167)2] FdA= 7.70~7.35 ppmolA s
Ao vepsth 8|3 WAd7]= 3.90 ppmelA] @M o = o
EPtom crown ether?] —OCHo— 2} N—CHo—3]=17}F 242} 3.75
231 2.98 ppmelx] 42 vl a8 Ao ® ERG 3
& AT 5 Sl

1,6—Diaza—18—crown—6%} 1= Y-s-A|7# Scheme 4°] L1}
i uke} o] Foleat deizow Ajet 4 Sl 1At fluo—

NaHCO;, THF

W,
¢ HsC Q Q O CH,Br
W,

Scheme 3

77
NaHCO3, DMF

W,
BrH,C Q 8 O CH,Br + Q_ _)

[0} O
—/

& e
H,C Q 8 O CH2—<\I—O\_/O_N)

5 n

Scheme 4

roionophoreE /J3I3itE A} acid acceptor®] £3|= 2
W3S skl 54 771840 DMFE ARESISITtE 4% 1
B2 g33A)9) 38 2= 'H-NMR#} FTIR AfEg o= 8ol
sislom, e v 372 nmol iz Hoe=g 332 430 nm
A IS Ao 3R} fluoroionophores= chloroform,
THF, ogolAEe]E, dimethylsulfoxide DMSO) 12|32 DMF
of Z g3l o ofekE, acetonitrilecls A% FafSIck A
=8} GPCell 9J5le] dojzl ghoz sctdl] & wlel vlwd & Exb
e HoFESILE 1d5E 0.38 dL/gollor ST A
&2 12500 g/mol ©]131e™ MWD 3.20|130th dojzl F5H4)
£ chloroformel &3lste] f2j¥t f1o BES FINHAE o &
datal F-42)7] 7 wo] AT

7] fluoroionophore®l] oH T olo] A3t T HhagA|
719] ®igks gohir] S18iA F3A w55 0.06 mME AZ=318]
o F50]&2 1.0 mME EF 95% ollekEol galfate] Alxat
Ak B9 33 39 A BFAE Alelell Fal crown ether
£ Foll 73 Q7] wiEel 292 S5l wides 7t
A3 ek b A 2 mLel S50l 89 0.5, 1 181 3
TS st g HslE wEBIGlth B SEE 49 A
=5 W9l 7 crown ether®] el FFA7E EAek7]
ol 5550] g olF A F 49 F N FFAe dFE
Z & ok Est FEA9) e FgAs) 1,6—diazacrown—62]
FHFFAZ o]Foix] 7] wWiFel BFAe} crown etherd] H]

2A83kE 39 49 S AEE 7D stk & 5

Atk A5 A Ay Aol 3PS 372 nmel 1l H
b a8 430 nmel A2 gelskith

Table 1¢] ool 15, 25 9l 7]g} ofol2o] tjst wgA]7]2
W37 yeht Qo malslshe 39] 49 K, RS H718les
w3717 42~81% F7kRE Ae ER1E 7 qllon o]
Hk7o] Z& Li'th Na', 7831 o]& Whdo] £ Cs" A4¢ & &
I} Q= Aoz Yehdth webA Figure 2(a) ol Wb nle}
o] mald x| 39 29 K'Y, Rb ol wieleh=d] st A
ox B gtk

27} ol g A7y Ades] ke o2 A7)7t
ARl wet 7 AR I4] gkt Te oL Hde] £ Ba®t
5 7P & W3kE ®o] F3Utk Figure 2(b) oM 3718 <]
& &I B 2 A7) E Bole o) o8] AR
th= & 3hdo] a27] wiitel Elzt=s) st mifles HolFr] W

o

BE o] o] tlsle] o] 2.o] el wWepy LE HRhst A3

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

Product Intensity (A.U) 1 Group 2 Group‘ etc.
base Li*  Na* K' Rb" Cs"™ Mg? Ca®t Sr¥t Ba?  Agt  APT EJT Y
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 (Anax=372.1 nm), maximum emission wavelength (\nax=430.1 nm).
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Figure 2. Fluorescence spectra of 3 upon the addition with
(a) Rb™ and AI** at various concentration of metal cation
(The excitation wavelength is 372 nm).

350 T T T
300f d) 7
—
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N +Rb'(3 eq)
:J. H C})» % 4+Eu"(3:q)
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=
— il
- —
400
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Figure 3. Fluorescence spectra of 44 upon the addition with
(a) blank, (b) Rb*, (¢) Sr**, and (d) Eu®" (The excitation wave—
length is 372 nm).

slo] A7} S7VeRs A4S Bol 9k 53] ol wi)s
S 7= crown ether7t %ol £ QlojA] 7 X 25 A¥sh
vz A3Aq7)7F 848 94 Sk A4S o 5 9ok

53] 37} ol A% crown ether?] 353718} o]2—4=
A} Agre] Az g oz o] 77|19k IAIgle] T FFA
IS FoEMN AFLe o9 EAML WRM7I7F 24 5
78S & Q%A 9 o) o] FETt SRl E 1 WSl
A etk

g 49] 75 FFDEATE Il 271 EAlste] 33 vlwet
o} 7|3 g2 A YeEHRE FE50]20] X3l webA 1
W3l 39 vlwshe] A4Stk 18y 39 monoazacrown
ether$} 49] diazacrown ether?] xjo]o] 23t F&o0]L.0] Aelr
9] Apol= YERA] ktt) Figure 391 YERY vie} o] o]23}
o] HEFPAL A de] Il KT, Rb'ol =7 vehin
Sr** E]al Bu'tellA 33} wissst ko] vehdS & 4 glglth
15004 Rb* el A 50%, 250X 20~23%, 183 Eu’" 9}
Yol 50~65% AZI7F S78IIER o3k 1709 zk=rt

=2/, A30¢¥ A5%, 2006
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Figure 4. Fluorescence spectra of polymeric fluoroionophore
5 upon the addition with (a) Ba®**, (b) Ag*, and (¢) A’ (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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