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Abstract

In “this thesis, chromogenic ‘and fluorogenic = calix[4]arenes bearing
lower-rim triazoles as chemosensors for metal cations in polar protic.cosolvents
were 'synthesized and studied. Besides, the lower-rim distal triazoles of
calix[4]arene as an anionic recognition site and chromogenic group. were also
explored.

In chapter 2, a specific-and ratiometric chemosensor for Hg>" based on
triazole coupled ortho-methoxyphenylazocalix[4]arene 4 was synthesized. The
complex 4-Hg*" was determined to be 1:1 stoichometry and its association
constant was determined to be 1.07(+0.32) x-10* M in'‘a MeOH/CHCI; (v/v,
98:2) cosolvent. The functions of azo, hydroxyl, and triazole groups on ligand
4 for sensing Hg?* were distinguished by the studies of ligands 4 and its
derivatives.

In chapter 3, a novel fluoroionophore, triazolylpyrene, was developed.
Furthermore, a calix[4]arene with lower-rim proximal triazolylpyrenes 18 is a
ratiometric fluorescent chemosensor for Ag” with higher sensitivity compared to

that of a calix[4]arene with lower-rim distal triazolylpyrenes 20, and the



conventional fluoroionophore with “triazole-CH,-pyrene”. In a MeOH/CHCl;
(vlv, 98:2) cosolvent, the complex 20-Ag® was determined to be 1:1
stoichometry and its association constant was determined to be 1.83(+0.33) x
10" M™; however, the complex 18-Ag* was determined to be 1:1 stoichometry
and its association constant was determined to be 7.11(+0.80) x 10° M. Even
the detection of Ag™ by ligand 18 works in 10% aqueous methanol solution.

In chapter 4, calix[4]arenes bearing lower-rim distal p-substituted
phenyltriazoles were developed where the electronegativity of triazoles are
controlled by 1ts conjugated p-substituted benzene. Especially, a calix[4]arene
with lower-rim distal p-nitrophenyltriazoles 30 was explored to be a novel
ratiometric and chromogenic chemosensor. toward F; CH;COQO™, H,PO,, and

HO™ in polar solvent as well as in polar protic cosolvents.

4.Hg2+ 18'Ag+ 20-Ag+
Chap. 2 Emission at 398 nm Emission at 474 nm
Chap. 3 Chap. 3

30-CH5CO0"
Chap 4
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¥ OLend M3 #8433 Fme(crown ether) ~ Z& ok #F (cyclodextrin)
(water) ~ = 45 (calixarene) - "% A%< #0545 4 RIS G LS
FpeRd fF A SRR SR F g s o I LR FHGE

R B E B e

—

1.2 =¥

S ¥4 e enE R EH 0 B cyclophane == 46> ¢ Gutsche
& 2 %54 (calixarene) > %7 d = A B (arene) & 2 ¥ 4r (calix) -
¢~ dndies o 4o calix[4larene ) Rl & T B S S FRED F T B o A%
Ty s+ T 5o calix[4]arene s & m i % A= (phenol) eaRR A d w
BLOARFE? @0 2l diF b TR L REEHTA I
ik i % 4A - * Calix[4]arene 1 IUPAC # ¢ & pentacyclo[19.3.1.1%"1%%°11°]

octacosa-1(25),3,5,7(28),9,11,13(27),15,17,19(26),21,23-dodecaene-25,26,27,28

-tetraol> 7= ¥ #§ it £ 25,26,27,28-tetraol-calix[4]arene ¢ calix[4]arene -2 (%]

=)o %



pentacyclo[19.3.1.1371913115190ctacosa-1(25),3,5,7(28),9,11,13(27),15,17,19(26),21,23-
dodecaene-25,26,27,28-tetraol = calixj4jarene

W= -~ Calix[4]arene 2 IUPAC # ¢ 7+ & B

p av calix[4]arene i & = ix @ & d Cornforth {- Gutsche :z 2 5 Hp
Zinke sl g @ ko B =7 A Fhs (p-tert-butylphenol) £ 37%°" fE-ki%
LT F LA REEEETEERES B AL RRESF D TR 4

#oo AErts e @ 5] calix[4]arene g A H (GNE-) P

H H

n=46,8

A W- - p-tert-Butylcalix[4Jarene 2 & & 4 2 o

FUH AT L BT N AT ApERA S MEABA Y Frat %
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Calix[4]arene 7 = A&7 & f0EA) > & % 5 cone ~ partial cone ~ 1,2-alternate
% 13-alternate » %t & THRBANR T i ADRT o it RiEainie
it (dipole moment) g % % cone > partial cone > 1,2-alternate >

13-alternate = ¢ #w BT I T TR R L R EFT AL (F-)

1H NMR Spectrum 13C NMR Spectrum
noise-decoupled
Conformation ‘

| | | | Cone

| Partial Cone | |
and
| 1.2-Alternat |

1,3-Alternate T T T T
45 0 35 30 39 36 33 30
8 (ppm)

1, 2-alternate 1 3-alternate

W~ - Calix[4larene 7 it 2 447 % % ifi 7 A2 & B P £ R X HF - ¥

§ calix[4]arene % cone 47 » 2 % fhd " B E P LY o 8

I

=4 % 3.0-45ppm ¢ A% @ G g (doublet) s AR e R dRE P o T

!
|

PRGN - B CEEB9E 31 ppm 2+ o % calix[4Jarene
partial cone # 12-alternate p¥ - ZifL ¥ A i PRk o P FEH L
3.0-4.5 ppm & k7 3 Wit 2 - BEHE (singlet) s AP REET

BE T e A BAGUEL > s AN A 312 37 ppm 2% Fp
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#rig— # % 4 partial cone &2 1,2-alternate 7 > f ;ﬁ THFERLY i KT
A 2o 33 13-alternate 75 H I 7 A 4§ APk R §
- BRE > Ld PREIIEEFHY > VE S L 3.0-45ppm & - B HE

bpt Pt dR LY o s AR F BN B 3T ppM 2%

13 2k A e 5

Bt ERRBREGR Y o Z e AW AT L BT SRS 4 F ks
A @ = ek (triazole) & Husigen 1,3—% &3k it 4o = & J& % #4313
¥ AR F | fpg Lo(azide) & %Rl (alkyne) 7 1,3-8 &R 1 4

SFE B AT 14 B 15 FERAGES R ES GUBS) -

R, 1 R, 1
NN =N
Heat N+ N
Thermal Ri—N; + R,—=— H - — _
H 4 Ry5
2 H
1,4-triazole 1,5-triazole
Rl\]’\-l/N
Cul(ly complex = _
CUAAC Ri—N; + Rp———H O P > A 1,4-triazole
€g. CuSO,/ H 4
2

Sodijum ascorbpate

AWz~ =3 (1,2,3triazole) g A E o

2001 # - Sharpless £ Meldal & * ¥ 3 > @ § 527 3 =422 0 Cu(l) e i
CAEF 13-BiEE it e F B VERASFY B2 2k - Bl 4-fFB
oz ek AR oo XFL AE B v Y £ g 5 “click chemistry” (34 B = )°°
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—‘F,k »Sharpless & 4 » 2 7.» ",ﬁ% 7 Cu(l) 2 ¢t >Cu(ll)#2 CuSOy4-5H,0 ¥ ascorbic

acid & sodium ascorbate = R EER AT (T L & 142 2wk g
enig it F) > ] % ascorbic acid £« sodium ascorbate ¥ § B & & o #- Cu(ll) R
BaCu(l) ™ Hiial s Cull)ms i A3 abhit  Ladi A

i

PrAE s 8P 14-BN = ek

7 13- e A F g

LA P (B ) be

4
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FoR I RHET I FRGATE TRREZSAT R

W2 LA GRIFAE

21 BEARE PR
FI* i F L F R RT LApEd R EF o F LA L g
AREA T TS RR T AR EBIERE ol g A B
BFHRE EACERES T T AP HIAFELS - B LW
ST A AR AT IS G A B R L
$o LA L VB RBRA S o 4o i & CHCN/CHCI, (1000:4, VIv)i i3
HY CF T GBE 2 HERR AT AT F AP Tz

AP R Ca 2 Pb™ > AiRprdd 3¢ P d (B41)-

00 40 | S0 e
: Wavelength (nm)
11

i
A%

B4 - it £4 11 % CH3CN/CHCI; (1000:4, VIV)iR 7% & ¢ & 3+

2Tk E

Borho Y MY E A F L T AR rRR A BT ERRAL 4
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B2 ]34 25 M8 dopmpapidmim g A5t oA - 4%

L m i E e flr A RMS LR e E B E BT TR

5%3

% £ # 1 * (azophenol to quinone-hydrazone tautomerism) » & i% @& ¥

et
\\\?{r
\\E‘_
_H?

BT L5 A4 $¢ k(M=) 2

O
HO@ N

Azophenol
” M*? or base

Quinone-Hydrazone
A (when X = OMe, or H) B (when X=NO;)

W=~ %% Fp- (azophenol) £ % =R (quinone-hydrazone) 2.7 % 8

’fﬁ;lk‘)}f o

blde s R BE @ 2005 4 L7 5 S S BT 0T G e Ay
=0 § AP i F A e Neg B AT 5 HEY T P B eeoc s (R -
8 4 UV-vis s deskz# P > i § 3 3 R & B = v g 5 350 nm>s 4e » & g
3 (Li*~ Na'~ Ca?* ~ Ba*" ~ Hg*" ~ Cr** ~ Cu®* ~ Ni**2 Pb?) %4 & 520 nm =
L o§ A3 ATARRTE o AT A8 B b 2 HOP RS P B AR 0 I3 R B

) 2 I 4 ! =\~ P l ~ s 2y 2 2 5y 1]
Bk Ed BB d o SR Ed TH NMR JF .9 %83 0 Ho 4 &

ey

WERLRIEALCGALET (W) FAEDL FEBE AFELT
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30 40 o0 wo 100
Wavelength (nm)

B~ ®§ SHEBAFEHE B LF RN 2 B okl 28R

QRS [Q““Qf |

O metal cations

X = heteroatom
R;, Ry electron donoting group

WLt- ~ BBl B BRI s o

2004 # RiTek =2 &4]° 240 F 4 § A2 ¥R & eLer (pyridine) e <
2 BF Ay I RF AN T F REex? 2§ RIHE SR
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oA a B EF- BABRILBEF (ML) AL R

BHF O EFBRE SR MEBROLERE R 2 B

2007 #EREF KIMEAF > gkt e By A2 BHg
SRR R E N ST Y R R L Y S
AW o e MRH Y S P LS A R Rt 4 0 SR

Moo v at LH PO SCr e Co™ 2 NIiF S #cfd & A F pdin 4 o

S

BRI A (R Z)

N, 0O
' Q AN
N N H
/ \ f | \\
Y
\- OH /4 \ 0 4

N Y

N.
7

N

QEL
C/

1
LﬁkL
S A
o T e ,,_.7.. -'“--ﬂ‘ |rv—ii --_If_ .-_I_-I

Mg Ca®* Sr** Ba®*  Cr* Fe'* Co® Ni?* Cu®* Zn® Pb*

Lo EF LB BRI TR OB NS M 5 12X10°M) e

¢ $ 1548 4 AT (100 equiv) % ¢ g %k o
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2.2 4% B(ditopic receptor)ef§ 4
FoOBRBAFTEGIABUIFFRACVHEES BAFERF RS
PERIZE o B ERIERS SRS ERE LR RAF TS TRAE
4= £, (homodipotic receptor) ; & 2. > R} R A+ v H i TR AH
4% % | (heterodipotic receptor) & 3+ ¥+ < % (ion-pair receptor) o
R A T Bk et & ¥4+ = 5 positive allosterism » % 77 — &
B BATRSSR R BA S8 A g At e R S Bk SRR
E o F 2o Fh- BAAFERS ARS8 K A R g o BAFES

10a,b

P R+ s & 5 Bl S negative allosterism e Bfie it EARR Y
éré 10

FIPERHN AP L RESHE AN SRS TR

23 Py

AR ENET BT 2T 5 L (o-methoxy) B~N 2 FEF R
AR TR HEZ A2 - kAEE (R =) it B S &
B+ i % (ditopic receptor) ¥ At o 2 M- fATF L A g B

F FERY e d oo

16



OCH;  OCHj,

ech <> C;

Mt 2o PRI &4 4% 2 jms doibif = 3 )¢

24 BFEH 4682 10 ehg =

A B AT (L 446582 10) H &2 /T et Ble 977 o
o-Anisidine >t ks AL P S L AT L AL EF P RO LB L5 2
W BT v E R L F REEERF A 2E RS 2 ¥ 3
2 3b AFAH G 36% 2 42% i g4 3a ¥ 3b cnHHET R P
FREF (HNMR) %4 o A& PREEEREFH - - FnBFL" Ay
PEAR - & 302" kT a wffd o g »w iz 442 3.6ppm

(fBlz);km &5 3b2 & ? Akrw B A= E3 45-3.3 ppm

FEN (HH) -
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IR

&\ 4

2 3a 36% 3b 42%
i \ ii
4 71% 5 73%
i
6 14%
P \
(A ﬂ/ oY
< N N ! 8 39%
IUES T o> 2y SN
OH O
7 78%
\'
. 1083%
H
9

N FeE 08 F 3-10 & A2 ¢ (i) o-anisidine/acetone, NaNO,/concd HCI,

pyridine, 0.°C, 3 days; (ii) 1-(azidomethyl)benzene, Cul, THF/H,0, 50 °C, 18 h;
(iii) 1-iodopropane, NaH/DMF, 80 °C, 18 h; (iv) 1-iodopropane, K,COs/CH;CN,
reflux 1 day; (v) o-anisidine/acetone, NaNO,/concd HCI, pyridine, 0 °C, 12 h.

R I GERFEIEIBFEAALL ) VEF 3a % 3b2 3
T P OAE A~ W& 1-(azidomethyl)benzene o 4% click & & iE 87 1,3-
BRI A E o PR TR TAS 2 PR AT 485 F KA
5 7T1%% 73% - i &5 6 P HE 1 &4 4 1iEE & {4 (sodium hydride) =

BB A Fm S o8 g A e SR F iF2 0 A % % 14%
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m 86% s T2 iV £ 4o qp¥N M A F vz AR E BV AP 8
PIALd 2 2 AP SRR S 0 PSP TR LTS £ &

%5k 2

-~

=

1A P =T S22 E BEFLEF T A X 78% ; M s ts
BF FETE B o-anisidine :2F B E LR B RHEE
B § Bl v £ 4 8 & & 39%e 424 1Y &4~ 100 B §_B~ 2,6-dimethylphenol
w2 B F F B E o Booanisidine BB F E Ba T o A% 83%-
R s+ 4682 10 2 e T d RS R A ((HNMR)
P Rk (PCNMR)% B 340 i % 4 XA Rz o
He L4628 e MfL " KT it B R b § PiEd dm k3
¥ ad4-4.1 ppm 2 3.6-3.0 ppm Z & > H B i F = A e P s iRk

Sy e ) A g a . v 4 3b
P S e 32ppm = % o RIS SRS HE S cone H7

25 EMET § ¥R ABNL TR 4682 40 L F 108 E BB
2 FE R %

ERBUT GET R AR UL 4682 108 prdpEe g
e 1N ird e kil P 10-20uM > A HE 154 2 5 10 § £ o0
4 HiEF A (LIT-Na ~ K ~Mg* -~ Ca® ~Ba™ ~ Ag" ~ Cu* ~ Ni** ~ Cd*™* -
Hg®* ~ Zn* « Mn*" ~ Pb* 2 Cr*") & MeOH/CHCI; (v/v, 98:2) i3 #| ¥ it {7

ATk R R R AoB] L w ArA e
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373nm 371 nm

(a) 0.6+ 4 and 4 with other metal ions (d) 06 8 and 8 with other metal ions
@ / o 04
Q
: 5
2 2
3 g o2
2 <
0.0
300 400 500 600 300 400 500 600
Wavelength (nm) Wavelength (nm)
(b) 0.6 (e) 0.6+ \ 369 nm
372 nm 10 and 10 with other metal ions
5 and,5 with other metal ions
@ —
(8] o
& g
2 2
@] o
%] 2]
< 2
300 400 500 600 300 400 500 600
Wavelength (nm) Wavelength (nm)
) os, (f) 1 363 nm
11‘and 11 with other metal ions
0.8+4
8 8 oe]!
2 2 "
2 <
0.0
300 400 500 600 a0 a0 w0 e 700
Wavelength (nim) Wavelength (hm)

W= - & MeOH/CHCI; (v/v, 98:2) i3 #| ¢ » it & 4 (a) 4 (20 pM) ; (b) 5
(15 pM) ;5 (c) 6°(10 puM).: (d).8 (10 uM) : (). 10°(20 uM)- % (f) 11 (10 pM)£=
1544 5 10% 2 £4hEs AL ~Na K ~Mg*~Ca™ ~Ba* -~ Ag* ~
Cu® ~ Ni** ~ Cd* ~ Hg®* ~ Zn?* ~ Mn*" ~ Pb** 2 Cr*") = £ 2. UV-vis = fz %

R

UV-vis s jc k857 > HoP i 2 it 24 4 (S G E R F ~ THE
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P S (PG EEBE TR EHE S kL) 2 STk o

A 451 nm

2

P HET S A 42 B ARk E 373 nm A BRI 0 T

SRR (M-1);

N

A4 - v (BlLe a) BiRagd g L
R o L EP D2 B s BT & d 372nm = =M 3 374 nm o X AT
Bk A (RS b) o 3R i R o S REE s ) B

o>+ 1 H™ s & o ke

E
i ,Lr Na* K* M 2+Ca2+Ba2*H92+Ag Cré Mn2* NiZ* Zn*Cd?* Pb2 Cub*
é-_-l*——-'-_-d"-—g’m.__/-.__.d“‘—"\._.d\._../u “":"—"'a___..:_“r_:’k_—:a_.
oo A s B e B — =g L R = =
WL TS 24421546 4 ik 4 i B & MeOH/CHCI; (viv, 98:2) 57 7% 4

PHgE S S

CEF B (THIGLERE T HEHEAMEE) Eidl &4 10

(B % Fp) >4~ IS5 & B+ Tl g~ Ho e kg®g ™ (Bte d2

@) e R ERP > e AR F FPAHERERF R N4 o
CEF B (e A Fp g AR R AMA) 154 BES A

W iEr T s Hexqgig B P A T ' (hypochromic effect) > fe v qzid 2_ L A ¥

P EHEFLPRHYE CUT S HYTE AQTA B S 14-17 nm 2 i

5

(hypsochromic shift) (B]+ = ¢) o 3t i* £ 4 4 (Bl a) > &% FHP >
fr

o

[a-}
.ﬁ:’ﬂ\

BT 2§ TN A BRI 2B L4 Aoz
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2k it EF AR A S HOT A g BB ER &4

WM+ =) 56442 Fa R4t o % 3 Ca%e PO”
A4 BT 5 yERi (B14)0 ™ = & MeOH/CHCI; (viv, 98:2) i3 & ¢ -
B HO™'s § B - Py (FlLe f) i ajokggren s
$ 5 (B = b) 4p iz W F R feding F dmi R 140 40it &4 4 % HY™ ¢

g 3 ot AR (Bl e a)e mF o Al en® FHEE 2 R F HgY

"W

X

A

F s A A BT hT RR LIRS BRK DT - 6 B B

=}
EUEB
’“@
P

e hit B A 2 hiE R

26 &4 4% HT & v bR

___ 0,016 .
g : \

A 00124 N

< Y
2 0.008- /

§ W \
et 0.004 /,' '\\
- / \
< 00004 =

00 02 04 06 08 10
x = [41/([4] + [Ho™])

ML= it &4 42 Hg® & MeOH/CHCI, (viv, 98:2) ;&% # # 2 Job plot

B > kR 10uM > Apax =451 nm -

% MeOH/CHCI; (v/v, 98:2) &3 & ¢ i {7 i & 4 4 ¥ Hg* 1 Job plot
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PP FARAB LV SRR R A Y Phb X B X 05 (B )
LAt A A% HET A Ll 4L o gt o B A AHYT L T IR
[4-H+Hgl" 238 (mfz) & 12354 (4Rl- ) ™ %P it &4 42 Hg™' &

1:14 & o

2.7 v &4 481 Hg''2 % & ¥ Bix 3

@ 372nm gy (b) 1 '\& R?=0.98
T ! P1=-0.25(+0.02)
g ) — ik E ol P2=1022(+306)
Q —16 o~ O \
g - 5 \5<if?@osaxufmi
5 <
2 z
< 06- rFi—H
700 0 10 22 , 0 40 50 60
Wavelength (nm) [Hg™ 4]

W+ = ~(a)ix MeOH/CHCI; (viv, 98:2) &% &P > 10 uM enit &4 4 &2 7
IF 3 £ B HY(CIO,), if s jz k% % i B 5 (b) 4 nonlinear least-square

curve-fitting method #4828 & # #& -

e 4B HE2Z 2L ¥ 87 d 2 Fd 2 HYCIO,), it & 4 4 cn
Yok F 27 &P E T2 (BL =) & MeOH/CHCI; (viv, 98:2):R 7% & ¢ >
NEF HOT E BEH G P A F AR ARG B R e T D F TR T (254
nm) 5g & iEBrH 58 ~ B F wfTiE (373 nm) R IEBEREE ~ @ ATA A 2 B

% 451nm 3 B RIEBIH 40 A4 A B %% jc @k (isosbestic point) 4w i3t
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311nm 2 420nm> ErE it A4 48 HY™ 5 Ll e AN 2 s T o

|1 (ratiometric) - #-F it jF = o

i F ek d ey & 1% nonlinear least-square

curve-fitting method (5% - ) » 12 F ZiB42 7 B 2 UV-vis B fc & 47 Eogo 1
Lh 4 hipstt @ () 5 ydho FirecnHETERE L £ 4 kR

g ¥t B (Co/Ch) & X b o (himf2lo) & 58Pl 1/(ChKase) = 58 P2 34

d Origin st -+ Vi@ E P12 P2 SdcE  5d P2 v £FEL £ 4

MeOH/CHClI; (V/v, 98:2) 2.3 Al e 2 ‘& & % #ich 1.07 (£0.32)

#2 HY(ClOy) =

x 10° Mt (B = h)-

I/, =1+ [(Ilim/2|o) _ 1/2])({1 + CG/CH + 1/(CHKass) = [(1 + CG/CH k 1/CH ass) -
4Ce/Cul G} (¢ - )

28 & 4B He¥ 2 E PRt irk# i 2 %

ETTRS

1= % R4 & $ 4HYT 2 B4 & methanol-dy/CDCls (viv = 1/1)

NN

A v g 4 (25 mM)c 2 fe g & S0 HY(ClO,), i 17 & 7R & 4R

SE TRk (B N) e md g Hg®* & % 1.5 mM (0.6 equiv) B4 g &

L 4R TR o REW MRS (B~ bd) -
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W14 it &4 4 Ho 2 48 & B30 o

25



MEE HGT ek AR 0 C S A TGk AV g H VB R A

L od A4 HgZ' pEenit 8 =4 8.22 ppm (B -+ ~ a)> ¥4 » 2.5 mM (1 equiv)

e Hg™ P& o> Hyehit 8 =4 % 8.38ppm> A ME T £ #% 7 0.16 ppm (B

~d) s ieEm Hg IR S S R ot i@’ﬁ 855 i

) ’ 2

MEE HQP ede » > (L S 408 B S S & g

i (Hp# Hp) o K4 Ho* pr > e ‘E—Fiﬁqhntwiﬁbf"&m

)}%a"—'n H

i 8 = # 4pdE (A0) 0.85 ppm (Bl a): & ‘e x 2.5 mM (1 equiv)sh Hg*"

Peood SR AREY T A2 a gt B et § Dugd 4 §E 0.68 ppm (] -~ d) o " F

AT EBAT 0 L PR N L4 4 B A Hg?' 1425 =

ng+m4{: *> o B 4 2E

flattened cone ) 39
fL é\'#’ 4 1 ‘7;113—}/3; Z_a (Ha—f) Z_ L %‘ff“;ﬁ%“ﬁiif@? Hg2+ /}E)ii‘aét’ﬁ l_f__'“/ﬁ‘z'(%

o P 27
24{[“]@ » B 0T

L eigAhmit L 49 3 BHEBRF FRLEAs 22 H

P

P
&

o

L L4 4 g e LA B X EE OHG ke » @ e o

Lk T4 L f AHGT 2 B el £ g 4B S

N R )] 2+ . 4= ' N 4 4 2 !
FETLES 4 8 Ho 23 2kEFHFTRREFT > &4

‘;\\}

4HG™® ch Hg® 2 & 54 t 24 4 T 4%

20 FRF Y 2y S0 HO 2 8 0 TR A F 2 8 ] o K

-~

Wa = o424 4.|-|gz+—5?\— £ 7 $HfL2 flattened cone ’F#ﬂﬁ (B+1)-
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20 EhPEHIRN S5 48 112 A

FORN- 8 C R - = 11" B HEZ R AP FFN 4R
#ot DMol3™ 4a 5 3 &7 fF ¥ 2 S #7) o & DMoI3 shlfc = g4 # > 54 i
% #% polarization functions (DNP) 3 3+ 35 &k » Qi R gt
o FEft g2 Gaussian 6-31G**Ap o % aptst B 5 4?5 107 Bohr radius

0%+ 0529177 A ; 10 Hartree/Bohr radius 4p ¥ "Ly 10° Hartree z_i; & ©

15b

(b)

W= -+ -DMol3 253 8 & MeOH 2 & ¢ > it & 3 (a) 45 (b) 11 2 i 75 -

&4 440119 DMOIB 3-8 H 6 i &7 2 S 4B =
T et R SRR 0 2 F AT R AT hdc M 8 1) ohFe Econe 17 -
B o d BTHEPF 2 A2 STFRBLSIARLE AT hd B
2B F@BRG e ot A2 AR

LR E Afr IR £ R e T (1) BT THP G 2 AR ¥
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HHEFHEC2E CAprgt > i 65 4 5 5480A t £ 4 11 % 5068 A; (2)
BRI BI ¥ FRBE 23 FRCLE C3Ed- &4 45 10179
Ariv 24 11 % 10215A:(3) WiwEFL IS T 43 532 = AF
PR3 N3FEH - i 24 4 5 TOI3 A it &4 11 5 9.211 Ao F it &
BEREF > FRF 2N AT E A E A (S 4) % ¥
C2z2 CAR R+ » SRPERTEETS »C22 C4 gRi &
11 e gl RS 42, T4%a Bk it 24 11337 {3 &

FEE HEE i & (s o HEP i 1.02A19) -

2.10 %

A LA - KA EMER F ABRNZ B Xyt (468 2
10) FL BHY B F A~ ez 20l SRPI FERy Pandd o ¥
Byt 0 ARk g Fh UR AREFIARTEAAERRET ML
g F B F 2B NE (PFA) s R IR B

T2 AHERREFHENAREIBE FR 0 T AP 4 mi2 A
FHITERRTECRLE QBB F H HE st mep st Eim g (0
BCLF 42 5) Q)BT F AR = EUEIT TSR
ek epEd o BT F AR F 25 40 BT gz ek ARRAERC)

P AL G B HOT s £ 0 A2 BT ARLEL (R £ 4 40 10) -
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ER-TRIFEAMEL T2 2 F i AY HRIEH

BRI E

3.1 ¥ kg dehi %
R A GRS AL BR B, T BT A IR AE F
REFE e o PSRy §LE (fluoroionophore) o &+ 3 2 4

;ﬁ?é’ﬁ:ﬁ_ﬁ%@;}%% L:]“-F y ¥ g;)i’wev Aém;}?ﬁ%\ﬁ’]/#— %/E‘_:j- j\_é/*i"%’ﬁ’ N

B E pH B - B B A o Bir Y g B AT G 4
photoinduced electron transfer (PET) -~ inversed PET - photoinduced charge
transfer (PCT) ~ energy transfer ~ excimer 737 ¢ g« jii' £ 484 » = H 5k
PIREM o dod kst R s H ok Sl B E S R N E e T
W plenp aae § B ey k@ (fluorophore) » 4= i< (pyrene) ~ & (anthracene)

% (naphthalene) -

3.1.1 PET (photoinduced electron transfer) 441
.w-m Jcé},}:‘g ﬁ'mﬁ-}ﬁ"‘* %A_&éx B E;ﬁ“,’g_ DA A rif:;r' ?ﬁ‘ ’ ).'J\ Joé

# HOMO (highest occupied molecular orbital) = $t% + X g s > - B

T+ B2 2 LUMO (lowest unoccupied molecular orbital) > = 42 HOMO #32

a

P F Sk (Bl L - a)e Am o FAIFERAR Y AFEBRIHLALT S
£ (electron acceptor) > ¥ kA F = 5 T+ 4 #8 (electron donor) » = & g

29



i FEREATFAERTF L3 HOMO fusst » F m a1 45 & A (B FERA
BERHPIHEL) DT FIREF o FFFRIFL 0 R AP inversed

photoinduced electron transfer (inversed PET) (Bl= + - b) -

(El) LUMO 4 (b)

/ Fluorophore ' \| 'O F'“““’"““"’ \'
HOMO 4 ¥/ oo
1 —Tf Bound-cation

(C) LU‘I_O (d) m LUMO T
()- r O prusmmmon) \
Free -ion pair e HOMO a/
T

v
Bound-ion pair e

W= +- s RFFL @S R B

V- M e kAT yrtdisn s Tl AT T
X F R RS I IERAT I VRS T ¥ AR AHOMO #i
Py kA d e LUMO R 5 v 3 HOMO #d » Fla i & 8 kg 4,

$ IR % f % photoinduced electron transfer (PET) (Bl= - - c) - e & - § &

FyERARY SRS G FAT T ERI F LA HOMO fud o
FERAA LUMO 8 523 x ¥Eflw 3 HOMO #uld & 4 % % » Bt I %

A4 % chelating enhanced fluorescence (CHEF) (B]= - - d) -
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3.1.2 PCT (photoinduced charge transfer) 4] %

(a) blue shift

777

blue
shift

(b) red shift

SN
CHEEEEER )
]
k\\\\ﬁ\

SN

O B (¢ )

N

W= t- o BFETFEA B @ s () cepRitnLm- Y

FRPRIR AT A SR gt SRR A Y R o B &2
Mg AL P DT FES > ERA G BRI RER AT D
R F R A 4 g1 LIRS A5 photoinduced charge transfer (PCT) -

BIRRAEY EAZ TS %ﬁiﬁ o - DyRRAE £ By o

B S FEB AR R T F 04 o Rtk AL R
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Fepmd (Rl- - a) F2 §RIFREAPHTFLASIT I RIH
R iy A S E R T R R A

B E BTk B R B % (Bl 2 b)o

3.1.3 % EEA/E 48 (Excimer/Monomer) 2 & Bag3 g A3 Y

k2 BEIRRAF? nF A (blde: ©) T LG A ks
Eoog ¥ AR SRR S TR (Vo dn A Tl el R A 2R R AR
SR U RREA T AAE L PIERRT 2 F AT AR RA T B 2

By ¢ A2 o st (excimer) s 5 2 o Bl A2

H £8 (monomer)
ek I s BI T FRRE R S TS AR AT ¥ LA
BRI AL E £ SB 20 L SRl B TR s 2

HORE 2 G e e

3.14 R &A|¥ L& B BE (Miscellaneous)
FRFLR AT RS RS PuEAe s oA ¥k 4 AR
K BIB% (4o @ quantum yield ~ % lifetime %) 4 4 22 o A PR G+

R AR AR FlA LR B AN L L BRI RS

32 e RARA AT Y LR KA+

a2
(1 %)

EL

B TR TR > B OH R e R KL 6] Gk B
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e F AR TR AR s F AR RA ek F AW -

2008 £ A3 I 0 ¢ B Yang™ 242 B Vicens » 7 4 7
BRI R E 2 ek 7 A3 | (triazole-CHy—pyrene) =
g (&4 12> Bl- L 2) o %% 87 > Pb*™ ~ Hg™ - Cu*
HE BAF 123 2§ k54 5 AR 0 Zn*t 2 Cd™ Pl 2 A s B

Bk pe 33 o (v M Rk sk i ag o

800
750 H
o o
800 Il
| Zn™
450 | I other metal ions
\ | PR
ao0{ || J\
| J i Hg?o"l:uZ’
- U‘\r
&-\.A._—’ :\‘"-.
) T e

L == x T I T
350 400 450 500 550 B0
O 12 1

=
Iy
.
fat
e
¥
H
N
>
-
=
-
)
=
™
H
(@)
o
=
|k
[
ﬁ\%‘l
&
4

2010 # 2011 & > Yamato 7= 5 M F: A %] & homooxacalix[3]arene'® z
thiacalix[4Jarene’®! = sk b T=sd— 2 7 H 3 b Ed gt b B2 B A 5
. 4 o 2% &5t > § homooxacalix[3]arene T %4 = B F

B (24 13 B - + 2 ) & CH;CN/H,O/DMSO

(viv, 1000:50:1) t&{im A& ¢ > Cu® 22 Ho® HH S ¥ kind ;g
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Pb® B¢ H s A cstkhss c BRI st ks > T d FRFEI LR

B2 0 TP PO LR AT (RS L)

:

&
8

-
3

N
g

8

0

Flucrescence Intensity (av)

360 400 440 480 520 560 €00
Wavelength (nm)

L)

Iy

1wt &4 13 (1 uM) % CH;CN/H,O/DMSO\(v/v, 1000:50:1) # > %+ 30

i

ks
\417

bR PR S sk kgL o 18

@4 thiacalix[4]arene T4 b iz Tz ek-go v A0 (L& 4 14>

Bl- +1 ) & CH;CN/CH,CI, (V/V 1000: 1) TR S A ¢ % 20 7&‘7 4 /g-;

B ESER R B R FR CUT B HET WA WAk
A5 R AgT Pl v £ a 14 2 e R Tk R 33 s R g ok 3 56 ()
- L7 ) . lad

34



o a 8oo
1-Bu . O O -Bu Ag’
700 - V'
o O iy
sY's s s 3 6004
o o ; e free1, Ui* Na' K* Cs* zn?*
@ 500+ Pb®* Cd** Ni2* Co** cr*
N 1But-Bu N ‘E" 4004
N-N NN 2
2+
2 3004 Cu®™  pyg2r
@
& 2004
o
p=
i 1004
360 400 440 480 520 560 600
14

Wavelength (nm)

W= -7 1 & 414 (5uM) & CH,CN/CH,Cly (viv, 1000:1) 7 > 420 § £ 4

b b R P PRI F I B TS LR R T
BARES i F - 477 A (methylene group) @4t = F o AL AR 2L de
2 TZilgr A - AR AR L P R R E Y A
How 059 (2 TLEEREASF FRZFTFEEDE TS RIS H
fHE A BT E R

AR £ XgE T = w—30 | 2L (conjugated triazolylpyrene group) -

Armdimpiasisdag; 2533 257 Aax gk
(tetra-t-butylcalix[4]arene) & L 5 » & H T s & w3 48 i (proximal) 2 $f i
(distal)dz gt s e M = w30 Jh >33 A i & Bt o B e = 0 (1) 5

ARG T2k AW A BB SRR LR Rk 5 (2) 3
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Pz | AATH T H2Z M85 = (proximal and distal

orientations) #3t & B S SRR LB 3R o

34 FHTHLSEAMESF EI T AE PR L LS

Propargyl bromide

. 16, CUl cary ST
DMF, 70°C., 2 h THFIH,0 (VIV, 2/1)

56% 50°C1d }\N NN

&\ Il 72% N'N N-

16, CUl cqy,

THF/H,0 (VIV, 2/1)
50°C 1d

o ‘O
: y
16, Cul caty NaNozlconc HCI O
—— . — al
THFIHZ0 (VIV, 212) O‘ o :3"1*30 O‘
T 50°C 1d %N . O
Il -N 16
21

e
LD =

KW L 1820 Bt B F 22 2 8 A AR o

L ES 18~20 it &40 22 2 & AR ARAC BT ror o H P 0 K
ol 2wk A ¥ d l-aminopyrene 15 ¢ il L 27 § i & NaNO, 7% it

PREFEF AR EE NN A F R THELR CRFEAF BF Y

\‘Er

16019 & F 4 73% . A WE R 17 click £ s S 7 13-



BiEE e R E BTV ERGE T2k oo R HeE o T T G AR B
Rz 2ek—C 18 H & BT B d ST GAR IS E L4 LA
BT0°C TR 2P EERPEEF RET AR ARAP R L T

P AT 56%; 2 SR B ApE 16 AR L AFELT LA 50°CHEEL X
17 13- mIEE b 2 F i o FE 18 A K T2% - I > X T 4
e i 2 = ek 1000 SRl s 1 22 A ke SR H2 L £ b 199 g2 2119
A wl gl 500 16032 (7 click F i 2 0 A A R L T2%2 79% o

BRAY S E 18520 2 225 d NMR 2 3 247 5 L s+ e 8
BREASAE o B¥ =08 gpde 18 2 20 2 BV R d & AR PR
FhFEs 2 o BEPREREFY i L4 18 CoHALIE ) B R if
2 e Ad At E g 35 ppm ¥ 6 g (doublet) uBh (Bl -
L) ARdkEny v £ 20 B Coy BALIL T EARL LT A B F B
3-5 ppm ¢ &3 2 e FEE. (FHBl- L) ARPBERIREFY 5 B
Mz ek | BN 18 205 47 2 EHL T AFE B BPAEL A B
30.1~319 2 322 ppm ("B = + - ) R EEFEE S T30 ) R
Pt 20 2 FHEARL T AT G - B sBE & 324 ppm (HRI-
Z)e FHmAEA £ 180 200 HaprEife LT ARah § =8 % F 431
ppm =+ > A F gl WA F 5 G conedgA) o P

CR AT hE PREEREEY S 18 THREL T A
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(O-methylene) 2. % B & A 5-6ppm £ & e g (B=- L) & s
FeEH Y WA 69.1ppm - B s EL (Bl - ) kA
FotEPIBTHREL T AL BEARER - B EA BI T 5L A

£ 41+ (diastereotopic protons) e

35 B N=2wk_ 3, L &4 183204 22 2 & Jo ¥ stk 3 F 3
BB E ok L 55 18202 222 EAEAHET A2 A0uM o BIEH A
MeOH/CHCIg (viv, 98:2) &+ 5+ R % i ¥ 2. UV-vis s Jg kgl 2 btk ¥

(Bl=+=)e

(@) os; . (b) ., 20
i =) a 476 nm
S 378, 398 nm ‘
J 2
0.4 i ‘ L 18
8 = 7\ 472nm
o 9
5 =
§ 0 21 §
} =
< g \t
X = Excimer \
0.0 — S
L —
300 700 500 600 [ 600'7 7(50
Wavelength. (nm) Wavelength (nm)

= 4~ 43 E2 MeOH/CHCIs (Viv, 98:2) 27 #lF »10 uM it £ % 18

20 2 22 z_(a) k3 5 (b) s L (A = 342 NM) ©

& UV-vis s fe ks ? (- L= a)» 44 18:20% 22 % 24 3@

BT o A WG 1 242-243 nm o fE R o ;5 276 nm 2 341-343 nm

s SR
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MR STk £ 342 nm Ak o 2R TRIEE£4 18520 2
222 btk H(B - -2 b)) S F R EHEA kw2 V552205 H
RO kst A 378 nm 2 398 nm > BT 7 Lo R 2 Ak Re oo ST
SGEEA Tz 2 28R 4P 18 o 20 > H i BEAR (excimer) 2t
sk (472~476 nm) if 55>t ¥ 8 (MOnomer) sxifsk (378~398 nm) o pb At sk
WU REFHETAERIOUMPEF s H X Tk | 2 (L &40 22 i35 4
R RTREZ mem TR 4 A e Ak S e Fi &4 18 &2 200 %

AR T 2wkt B ;gfgf;ﬂi Lwes B T2 ke | HgE

Bpigo EUUA 4 N E Ntk o e 40 A58 s Al o

36 B Nzek— i | 2 XM L5 1820 2 4|1 £ 2 $ & B4

Flait 547 18~20 2 22 52 A B AT R E 2 F Eyra AT =
Pt ) g P B g BAE E R NL B T2 B E R RS P
e 1+ et T3 MeOHICHCIy (Viv, 98:2) i3 | » #-it &4 1820 2 22
HE: 10 uM s w2 1582 5 10 £264 @& HeE+ (LIT-Na -
K*~ Mg* ~ Ca®* ~ Ba* ~ Ag* ~ Cu”" ~ Ni*" ~ Cd** ~ Hg* ~ Zn** ~ Mn** ~ Pb**
2 Cr¥) s % UV-vis Bofc k2 2 11 342 nm 5 s b £ 2 stk

R RS H A DR E R -
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©) 10

ton)

&
[
o

—feen
08- igz n31 —E:%: 08- 341 nm et
an o — B
. . o -
Y o6l 18 with other metal cations — ¢ Y o6l 22and &
: —o : 22 with other metal cations— o
g — g —
5 04 —u 5 04 o
: C R -
J— ——Nn**
02- e 02- e
— pp* oy
— g
0.0 0.0
300 400 500 600 300 400 500 600
Wavelength (nm) Wavelength (nm)

(b)

Absorbance

= = Z2. MeOH/( ; 0 $ 7

2.243nm -~ k2276 nm 7 342 nm & = B A B g o R £ B

4 LR BT A
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18 and
@ 18 with other metal cations d) =,
472 m

2% 398 nm

— free 18

Fluorescence Intensity (au)

Wavelength (nm)

O

M~ 20 and
/ 20 with other metal cations

—free 20

\ 20 + G

Fluorescence Intensity (au)
N

0"

22 and 22 with other metal cations l 7773 398 nm
378, 398 nm 104

()
—r
i

|
48

I,

[=2]

Fluorescence Intensity (au)
N

z

a-Ni Pb Zn

—— 0
400 500 600 700 22 Ag.Ba Cd Cr Cu Hg K /Li MgMn
Wavelength (nm) Cations

W=+~ s &%B2 MeOH/CHCI; (viv, 98:2);R 73 &P » 164 % % 10 % £
2 E AT & B (LiTvNa - KT~ Mg® - Ca®* - Ba® s Ag® ~ Cu* ~ Ni** -
Cd* ~Hg®* ~ Zn* ~Mn**~Pb* 2 Cr’")4 &£ 10mM 2 it £ # (a) 18 (b) 20

% (C)22 2 F £ EFHR I (o= 3420m) o (A)-() 3 HAE@-(0)2 ¥ %5 1 %

PN
pa
i
o

AN kkd T UE I % MeOHICHCy (viv, 98:2)i 73 & ¢ 4 » 15
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Bei 10 B2 4B o HEH L 20 22 ¥ 2 G A ¥ kb
Lo A & B A stk £ 5 378nm 2 398 nm o B A £ BT wApk 0 & T
Al 65 24154 BT Bk ERE (R L ~cef)-Ra o
Fohkggiiags o Bt Tkt 2 it &4 184020 %+ Ag'~ CU*" 2
Hg® & ygasic 4 (Bl + > a=b®d-e)od P » Cu”® Hp¥" e 2 i+ & %
18 22 20 2. F ki d o RA v AgT 1 £ 4020 2 H R b 2 g A st
Kok Rk (B L~ bre); 2l ~Ag g H L 18 2 E i
B2 bt ks 8~ H R sk g (Bl > a & d)efp3Tit a4 225 1
& 4 184w 20 i L LRI KR > SHE T GO T2 b5t AgT

Hg™ 2 Cu* ihiq & £ & i o

\m!,\

& fhaps 307 ¥ % A 0 )4 {13 spin—orbital coupling®® s & 5 & i

Ik

w5 2%k - & TF PET, (inversed photoinduced electron transfer)
IR N R R g RN T g
Hg™ ¢ Cu™ #1484 1842 20 2 jfes il csf g $iF L go8 ¥ o1 £
PET, 4] 8dp > RAFH TG L 14 [ 2dv ) LA e ipF > =2 ok

¢ #-T 3 @3 wrk o Jh PET (photoinduced electron transfer) 4] (Bl = +

S AR AGF AP Fd SHRHMT I I Tk Fla g S ke

Aatsk s o et 5 TF PET, #4] (R= - b) -
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73t Cuter Ho™ end ks d > Aghg 2B gt Mz w30 A2 18
P20 24 2 ey g o 410§ £ Agianie® T 5 Egmie T = ebio
8 ey Rk BB L R keh 0.7 B 0 2 ke i S H R st B
LRkz2 102% (M- L ~ard)em Agh i Bz k10 20 chl 4
e R e R 0 H P RSk R L R ken 12 B H A
Mehf kA S R K2 94 % (B L A b&e) o Ry FRGLT A
e T2k BT 2 B (i M) R HHAYT ey

% kR A i .

37 f“£4 18 2 20 & Ag'&s & v b2 34

(a) 004 = [ ] (b) 0.0 ] []
X X
* -0.2{ = * 02 "
AP =] .
N -0.44 : . %'; -04 r =
-0.61 s 06 . il
00 02 04 10 00 02 04 06 08 10
X =[18]/ ([18] i [qu) X =[20]/(120] + [Ag])

W= L4 ~ i &4 (a) 18 (b) 20 » &]&r Ag” % MeOH/CHCI; (viv, 98:2)

A& Y 2 Jobplot B 0 ALk AR 10 uM > A =342 Nnm -

& MeOH/CHCI; (viv, 98:2) i3 &l ¢ » A wlit {7 it & 4 18 ~ 20 & Ag’
BER 5 10 uM shjob plot § 2% o B M L0 b o P B R AT > B
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H 4 &2 Jobplot 2y gihs ] BF 0 X b 0.4 fpif > 2L 05 (R = +4) &z
PR b 24 182 204HAQ' 52 111 45 £ -7k m 4 £ % 18-Ag” £ 20-Ag”
Z RREEH? AN NI miz = 13175 (Rl =) & miz = 1317.6 ("Rl =) 3
oo At [18+ ATl & [20 + AQT] 2 FEUEL > £ AER £ 18

2208 Agt L 112 488 o

38 v &4 18420 % Ag'2 3 & ¥ BfF 3t

(@) o, [Agj/[lg] (b) 10-
243 nm . i [Ag)[20]
Sé 243 nm ]
0:8- /118 ~ 08 0.8 g
o %%g;]q[ b u3nm  [AGUI0]  os
o) 1 o] .
Q —16 (&) O.GJ 40 eq -
o J
§ Oeq —2 é Oeq —1
S 3 S o4l B
2 — 3 i ¥
20 g 0.2 — 10
—=40 20
60 N —40
—80 0.0
" 300 400 500 600 300 400 500 600
Wavelength (nm) Wavelength (nm)

=+ 28T & MeOH/CHCI; (V/v, 98:2) A & ¥ » & b4 b & £ 2

AgCIO, 1 10M it &4 (a) 18 2 (D) 20 2 UV-vis# jek % - -

FAet Fd £ AQCIO, 31t £ 4% 1818 200 %= ¥ 2. UV-vis & Jz k3 i
FAIPREEN (R=) BH- F2 gLy HFagr (F=
=)o T o d Wk F I HRREFTACEC LS 18202 B L Ko
% MeOH/CHCI; (viv, 98:2) iRz A ¢ » 8-t £ 4 18 ¢ 20 2 k& F 2 5
10uM > & wliF 4% kR 2. AQCIO, » &8 §F kb o
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398 nm

,\
&

10
|379. 308 nm ® _ -

8
476-4740m <°°)
\ 2

o

Fluorescence Intensity (au)

Fluorescence Intensity (au)

o m=0cq, ; ,
400 500 600 700

Wavelength (hm) Wavelength (hm)

W=-L- %87 A& MeOH/CHCI3 (v/v,98:2) Rz & ¥ > A wliF4e? g &
2. AgCIO; I 10 uM it £ 3= (@) 18 % (b) 20 zu 4 Rk Z# % i* (Ao = 342 NM)eo

W 5 ¥ ke R 5 (/)4 $hviF 42 AQ H £ <R -

B Eg 182 ki ks (Bl= L - a) Agiete ~g a1 &4 18
2 B4 st (379398 nm) 56 A 3 4v ~ g EEAEITEG (476 nm) 5B 53
T PR AQTeE B R 4e 0 H OB a4k 22 gt gl xSk 3t 443 nm A ¢
™ % sz e+El | (isoemissive point) e ¢t sk ez mp it & 5 18 ¢ Ag' i 101
& & Blm 2 B LB i (ratiometric) fndE & N o o gt B GRSk E 1 F
o0 g ARH fRATetk (398 nm) s B %1 o 40* . nonlinear least-square
curve-fitting method (78— )% » "iF REEA2Y Bl 1F 2 % kstsp B 07 g
L4 18 ek kxstis BARs & (/1) 2y Fsech AgRER B L 4
18 kR erp it & (Co/Ch) 5 X #h o (imf2l,) 5 %3ic P1 > 1/(CuKes) =

B P2 > %gé Origin #r 48 -+ ;N iT@F P12 P2 %@ » 5d P2 & 81

£ # 18 22 AGCIO, & MeOH/CHCI, (v/v, 98:2) ;a3 & ¢ 2 & & % #c % 7.11
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(+0.80) x 10°M™ > (Bl= L = a) -

Ny =1+ [(linf216) — 1/2]x{1 + Co/Ci + LCuKass — [(1 + Co/Ch + LCKass)? —

4Co/Cu]*}.... (3 - )

@ (b) 1w, -
15 . B ol P "
c . / = ;//
O% / c 64 /
= Y 3 /" R=098
= N Zo aff 1=457+0.19
= y pl =8.97+0.33 = f‘ p2 ey %, ®
] p2 = 14.24+1.60 2% p2="567+1 o
! K_= 7.11(30.80) x 10 M’ ! K. = 1.83(+0.33) x 10 M
oy e P % % % o ® %
[Ag1/[18] [Ag'}/[20]

WzL= « 7 k%22 AGCIO, & 10 uM -2 % (a) 18 % (b) 20 o

nonlinear least-square curve-fitting method 41 2_ %% & F #c -

v b 4r 20 2. F R ke (B=L - b)) Ag' e » @ aiv &4 20
z_ 5 #8-x it (379 ¥ 398 nm) 22 g EEREST T (476 nm) SR B O o
"EF AQTEE BB el 80 % B 0 v &4 20 2 EF R sk K d 476

nm srbeds L ATAnm > v i E AR g A L o ApFOT £ 20 22 UV-vis i

—

Tek# 22 ¢ FIAG ey EHsem § 1 (B2 - b) 4r i L3 F 2

PRI ENOE SRR PR AT A 20 T gEE T2

I

3

—vE | ENE  E AQTEIE ~ A ] R B o 0t S F AQTE £ K

dvo (VB4R 20 2 B A e sk By T EostEk ) Mmoo
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A3t iv £ 4 20 22 AgCIO, 2- Jobplot F 2% %% (Bl= -4 b) &4 &
20A0" 2 T H S (ABZ) FEFE L Ll Fl oo g EaspgEd
T L4 208 AT A EE BVt Gt e g AQTE BB S 0 &
it &4~ 20 22 H #9264k (398 nm) s & % i > f1* nonlinear least-square
curve-fitting method (3% — ) > fe ¥ ik A28 (% 2 A%< ¥ 45 T #p) &
7 i & 3 20 &2 AgCIO4 & MeOH/CHCI; (viv, 98:2) 2ia &P 2. % & ¥ 8 i
1.83 (+0.33) x 10° M (B = -+ = b) -

& AQCIO, 2. ¥ skdiF T 7 % ® > 5 4 » 40 5 &£ 2 AQCIO, ¥ > it &
$ 18 2. H A st % (398 NM) %A H 2 R K143 B o I PR AN T8
* (476, nm) B AR e R keH05 B (RI=+- a+ER); o © £4 202 ¥
f-cidsk (398 nm) i R AR k19.0 & o s stk (476.nm) 5
BFFEHE RIS 12 B(R=+ - bIER) - 27 > S8k (40
calix[4]arene'®*® - homooxacalix[3]arene'® - thiocalix[4]arene'®) = s 2 4 T =

A R RS G 0 B GRS e A R Y AR
ZERMIFEEFLA0FERF CPERBAFZFRBRREKITL AL

9

G5y ACH AP 18RS NY REARE ] A TE AGH
A 20 @R L RAPE o P 0 $4E [zt 0 T2

AR Sl S SR Y S8 R
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3.9 4 £ 18-Ag'fr 20-Ag*2 k£ P IE
391 AHFXREFAF R

% MeOH/CHCI; (v/v, 98:2):8 ;3 & ¢ » it £ 4 18+20 % 4 £ 4 18.Ag” »
20-Ag*z Ap ¥ty k£ 3 A % (@, relative fluorescent quantum yield) #-r2 2

PR L F RS A S G R ARE (B =059 JEd 25t kR P

D= = (FIF,) X (AolA) X (n/ny)* x &° (82 )%

B D F R ATkl GRS R G ff A AR T EERAET
L Z FPlte 2 ST R E SN Mg 7T “TRIBARZITHF o Vi3
ERIEHR R G0k - 0 TR EREYR A B0 A m e F &84 7 0 Table

S1-54-

4 — ~ & MEOH/CHCI (v/v, 98:2)i i Al » i & 4» 1820 % 48 & 4 18-Ag" -

20AQ" 2 A4 KBS A F > UL HEE S (hey =319-322 M) -

ol 18 18-Ag" - 20 20-Ag"

@ 029 0.40 0.40 0.67 0.75

o BEHA O AFRHEY LGS BEERY (400182 18Ag" 20 %
20-AQ") ARt kB F AT (D) < H- o FHRE G A B RO

£ 182206 3 - B M2kt 18 (D= 040)cnfp ¥ £ 25 A 5
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A E g T 2wk 20 (@D = 0.67) © ,}gg,ﬁr,gp_leg,,taAg
HMERR FREFAFBIAR (B EF 18AQ G:=040); B il =

-t 20 2 AT L 1S B 20AQT 2 AP E KA F R L X (B=0.T5)-

3.9.2 B BA 3 2 i sk B M R 3

- dpa 2 2 e AR % 7809 f o A (dynamic
excimer) £ 4% fi 3 A (Static excimer) - ** 4 Kigte2 = K4 (dimer)
25 % pegk i (excited state) » {5 K Al4p =L = R4 AW A K (ground
state) o« A3t F ¢ AT R Tl ok AR S BT P 7 kg ko
(fluorescence excitation spectrum) & - faj < ey B o Flpt VL w)
BRI £ 4 18220 245 £ 4 18.Ag"~20-Ag" & jfcss 4 £ % 398 nm (monomer)

27 476 nm (excimer)Z_ e &4 -k » B doBl= L = 5T o
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@ 10 otoinat308nm (- © 10, exciationat398nm ..
,,,,,,,,,,, exciation at 476 nm - exciation at 476 nm
2 2 /]
7] | %) i
c 4 c ;
Q ; ] 7
£ } £ /
T 05 T 05
g 7 ? 7
0.04 . : 0.0 T T
250 300 350 250 300 350
Wavelength (nm) Wavelength (nm)
b -
R exciation at 398 nm /1y @ 307 oyciationat308nm
rrrrrrrrrrrr exciation at 477 nm /|
[72) 4 7))
c Y |4 s
o} \ 3 I}
E \y E
= 05 l \i = 054
@ / @
S N\ \ S ) / \
P-—*/ - u = SN
O'OA T T T O
250 300 350 300 350
Wavelength (nm) Wavelenth (nm)

= 2= & MeOHICHCI; (viv, 98:2):2 7 &)+ 5 (a)i* £ 4 18 (10uM) : (b)
it & 420 (10 uM) 5 (c)és & += 18.Ag+ (d)ss & 3 20-Ag+ A 5] 398 nm (F
) %% 475 nm (5 %) iE']?giﬁT"p"-— L prgd k2o (4 &k d a4 10 pM

ser 104 82 AgCIO, e il @ 1)

ERBEET A HAMEAHE T2k Bl V45 1820
2R AQT2 g5 &b Es BERRRSL E (S47551 nm) G Eed ik K eDlE
- e kg ot d H st £ (398 nm) 5ol L& chfF - 1 el sk
Wz g At B1-5nme @i Efpeod i V545 18520 2 Hyr Ag'
2 A b R R TR Tk BT F LT BN W RSP

N VI
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3.10 48 & 4 18-Ag'¢r 20-Ag*2 4 & W 4F 3

SRR L4 18 2 20 7 AgTemkti =R > F 1% 'H NMR GF 2

P %Itz o iF TF % o2 2% w)>t methanol-d/CDCl; (Bl= L = &2 Bl =

= )&« methanol-dz/CDCl; (Bl= -7 & Bl= -+ ~) RE&E 7 B3H Ai? » 825

mM it & 4 18 2 20 A W4 ~ 3 B E B #kih AgClO, 0 1+ 'HNMR @z A

P E it o 2 ¢ o % omethanol-dy/CDCls & 7 % & cif 2§ % > A
P TRBRLERERY S FReaiA g e

B SR T o AQ e r A £ 4 188 20 e F I A S T 4

I P A= vk Tk (OCH,-triazole) % & B i & & R+ i & poff 81 4p

$7 o 4T 2 SRR 2 ¢

3.10.1 4% £ 4 18 &2 Ag'2 "H NMR if 23 Six 3

% methanol-d,/CDClj (v/v, 3:2) & & § % # ¢ éa'H NMR jF = # % ¢ >
SEF AQ B R e L 18 TR AT (pyrene) B ST %A w1 YOl
AT(H) BBt AP M@= L) d A4 Ag'o4e » 25 mM (1
equiv):in AQT(BI= L w agr d)y WA E A MBS B H 0.2 ppm; ko
ST THLTEAZE (H) a8 et 88 Lie (A9 & At r Ag'PFeD
0.65 ppm #5-] & 0.38 ppm = o 7 Jr > F] L Agiende » it £ 18 AR RS

B F PRSRT > d RAG o A R R A o BT

51



P18 R ek AT (H)"E % AQ S B o 4Lt P EEHIV B =B 81
Tyt s BB T MRS E NS (B Z e d) 57 i A% T 4p 40
B Btk (magnetic anisotropy effect) ¥ & o ¥ b » A&
methanol-ds/CDCls (viv, 3:2) & & % iz &i& 7 Ag' s 'H NMR if 2§ % © %
R(B=L7) & 182 5 FREA T (H) £F Ag'eng E o+ /L
BREEMD o Fden 14 RaAg R (RI= 22 )0 58 d (Hy) A4 Ag’
AR SR 031 ppme phk B L EF L L 5 18 S T P m A 4
B AgTegs £ o0 Flptdadh o AQ R EE £ 18 MRz ek il b 2§
o+ (N3)» F > Fozeay 28 Ag'engs £ o

gk 2b + 4 methanol-d,/CDCl; (VIv, 3:2) & & % % &7 3 'HNMR G 2%
v (Bl L w ) Ag'eng Bl b 1 £ 4 18 4 im = ek A & (H & > 47}

$0 w =B A i (H) g s 2k e 4 AQ'EARle » b adr ¥

¥ o BT 4 & fr 18-AQTTR S gE $445 e cone 47 o
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e

©
©
~
o
o
S
w
N
N
]
-]
3

haul

W=+ew it £3 18 (25 mM) # methanol-d/CDCl; (viv, 3:2) & & 7% 3|
oo gse R g £ AQCIO, 2 & PR & 3R kS 1 AQCIO, (a) 0 MM (b) 1.25
mM (0.5-equiv) ; (c).2 mM (0.8 equiv) ; (d) 2.5 mMO (1 equiv) = H ¥ > & %
7= MeOH (3.76 ppm), CD;0H (4.85 ppm), and CHCI; (8.10 ppm); * # 7w * 4&

LA H CHCly 5V 4 7 B3 o




1H tBu-12ca-triazole-pyrene in CDCI3/MeOH-d3 (2/3)

N H,0

U D;OH

(b)

b bzﬂb/\ b/
czgc; c3 @

ele

i Nﬁ
-,
3686
O\
18 18Ag"
Emission at 476 nm Emission at 398 nm

MW=L ~ & L4 18AQF a i &5 o
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Fer d A HNMRF e S bRz Lo o =17 ) &
18-Ag™® AgigEgr it E4 18 Mz e i 2§ R+ (N3) > AT ¥ sy
B TIE W F 2 A S8 AGT s £ D PR R iA B IR R4 S
SR fe gt & A T A SR cone H7) & & EAAc Bl = L 2 AT

AR E T R LR (B2 - a) e

3102 &4 20 & Ag'z 'HNMR jf 2.3 %iFit

AP ET L & 3 18>-#-methanol-d,/CDCl; (V/v, 3:2) 2 & 7 2 & ¢ > "§ %
Ag ek R 4 0 1 20 | im & P pEA cnd (He) & TR § (Dyrene)2
CEERBL PSR -) 25 AQ' e » F A3 S MpEE
20 2 A R A Hd e A) o 2@ 0 b £ 20 $ i = el A (Hy) 1
Bl itis o d RAde AgTEEF 4 » 25 mM (1 equiv)r Ag” 0 Hy L i
B ESE 034ppm (Bl = ard) #Z9 5 AQ s L e T b0 A
methanol-ds/CDCl; (v/v, 3:2) 2 & 4 & ¢ (Bl= - N)» 1 &% 20 0%
frresk (Hy) BAahadAsEe 5 Ageng EHchtcpF > 2 A0 % Wk 2
FRahni AR PECBRI A7 X W EB AN TG 42 Ag
ks & o Tl A AQTRTES G Bt b 20 i A BT 2 2 F RS
(N2) » d S FE3E ¥ fe 27 A » FIU SRR 2g A mbds & chiv 4 %) o

gv ¢k 5 # methanol-d/CDCl;y (Viv, 3:2) 9 % i3 Al¢ > i &4 20 4 » 1
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FEASE (F=>- d) P83 257 AL (Ha He) Pt F i
#E (A0) 4 &4 AQTFE10.97 ppm &> % 0.66 ppm > AT 4% & 4 20-Ag”
7% 47 /f flattened cone #:3] « ¥ £ % > ¥ AgTF B Herru 4o 0  £ 4 20
SHrgam ez Aag Ho 2 Hy)2 479 s a5 % i (Hp & Hy)

AR A B8 K4 AQTRE AR R FoBHEE AR TN EY B LF
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1H tBu-13ca-triazole-pyrene in CDCI3/MeOH-d3 (2/3)

H,0
CD;0OH .
c2
e
f c2
sk
a ¢ pbb H,0 a,a
(@) . sOH
¢ Pyrene; c2
-qH cl
* J
LA_M.AA . .J L
9 8 7 6 5 4 3 > 1 0 ppm

W=+~ it &% 20 (25 mM) i methanol-ds/CDCl; (viv, 3:2) & & % &
v gt R e g £ AQCIO, 2 & e & dR Gk B - AgCIO, (8) O0.mM (0
equiv) ;-(b) 1.25 mM (0.5 equiv) ; (c) 2.5 mM (1 equiv) - H ¢ > & (3.77 ppm):

CD,HOD.» ¢ (8.11 ppm): internal CHCl3 > *: external CHCl; 2 V' & i B 3221 o

20'Ag+
Emission at 476 nm Emission at 474 nm

W=Lt4 ~4L4% 20AQ°F i chB L BN o
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31 B s &4 1881 20 2 B i H7)

L HREEP 'H NMR F 2t dhng £ a2 503 0 /il 3%
I A S HdE 8 508 DMol3 i3 v £ 4 1827 20 &7 i ¥ 27 AQ'4E & 0
B el e

DMol3 .4 Accelrys Inc.s7 4 & ' 2447 4]+ DMol3 ¢ - B3LYP & #c
4¢ + dnd (the double numeric plus d-functions)®” % #ci=# > # ¢ > dnd
o 4n § »5 Gaussian 6-31+G** o 22y gt % A gl 5t &4 18 - 20 &2
4 & 4 18-Ag’ ~ 20-AgHv it Ee S A Bl T L AR o

4.DMoI3 4 + ficsEs ¥ @ 4w 0 Eif L enie £ 4 18 87 20 Sk > T i
BBk SRy E G e A BHY LA 18 2 ARz kTRl 2§
B+ (N3) 453 7A@ Z kB T 2 §F B+ (N2) 45 3.9A » ki3
i AEES3.754 A (Ble La); @ it £4.20 2 ¥himehz kBB L2 F RS
(N3) RIApEET2A > A 2wk BT 2§ i+ (N2) piET4 A sti-a B
B APFE 4818 A (Blw - d)o A7 A2 = ek GRS S iz ek A5 (2
BAES ¥ e BIRAPIESIT ) R P A A o Ho it r 4 0 4

o R o
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20-Ag* (N3)

18-Ag* (N3)
Be L~ d DMoI3 il o o s @ 1 2% : (a)18: (b) 18-Ag’ (N2) ; (c) 18-Ag"
(N3); (d) 20 5 (e) 20-Ag® (N2); (f) 20-Ag™ (N3) b i 4« # ¥ » N3 % 7

Agiti st =k i 2§ B3 SN2 47 AQES 2 kB BT 2§ BT o

Btk Bk &4 18-AQTE 20-AgTRHEY 2 A AgRRE R T R
Emr225 h+ (N3) BEZHT325 h+ (N2)? 2> 41* DMol3 »
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B2t E 4 & 4 18-AgTE 20-AgTF 0 AgTAEE ST N3 & N2 v gt o 2% A

Fo ek fehs BE RS (N2 & N3)E F 7 4t &2 Aghie (7dgis > 3 B it £

1T o F AgUERVZ e ABT 2§ R (N2) P A e L5 18.AgTE
20Ag+“§ﬂ]‘§‘5 BRI A e ¥ :{g, i (]g]‘l L pes E); ’T&'T Ag+ﬁ¢‘$¢"

ekt b 2§ R (N3)FF i 45 £ 4 18-Ag™% 20-Ag i HEY A B Tk
FiEgp s~ (Bt ce&f)o

fjﬁ;ﬁ%@;ﬁl&Ag%";’? EAGH L A8 kK P S
Tar s B AG g £ gkt £ 4 18 dupcs R bR 33 8 B Rl st 5
(BM=24- a):a & 'HNMRFEZF% B4 L4 18AF & us
EEARSLEAFS(RZE L) FAATHEFESEY 0 R G Ble (0)
FElaFmes 4 AQHE Bk b2 § R (N3) Apaiss e
TREEAH X 5 14318 A0 22 HNMR jF <7 %0 i34 2 (Bl= - )

et 6% 200AQ°H T Ak i AQTE I £ b 20 B EF T %
REV a2 AQ I L £ 1 &4 20 e A R H st e ()
Z4-b); A & H NMRGE L7 %7 > & 54 20Ag° Y g A

LA Ho 7 (R= - =) F AR EREY > ) Ble (e
BEra RS EY AL Az A2 F RF(N2) > A H4t i
T i G 5 3 0 4pEE 5196 A 22 'H NMR i 2.9 S di ih i)

E®=L4)e
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3.12 it & 4~ 18 #r 20 ¥ Ag e if RIS 147 3

FRFEAFHRDEEHT > dor AQTE 21t & 4 18 g B stk
R RS e L E Mk R R (Fl= - a)oa2d 'HNMRF 2
F RIS FIHHS L F IBAG ST oo S5 I8 Mz sk A AgTY &

o BB RRFEAUREA BERBAPLFIERRE S AER (B2 )
i

b
pa
el
3

A WS A e BERERR 0 B 0 £ 18 i
kg I A FE B LS 18AY A T AR (B=0.400 & - ) vt P % LS

¥ e i § 2 ek 184+ Ag i B G H WO R RS (Ble

— 18 + Ag* (Blue emission)

—18 (Bluishgreen emission)

Fluorescence Intensity (ALl

400 500 800 700
Wavelength (nm)

e - - « & MeOH/CHCI; (VIV, 98:2) 53 Al ¢ » i 2 4 18 2 Ag'4s £ %

i

—\

itd

o
Wiz

%0
¢

At & 20 &2 AQTERY RGF RF S E T 0 AQEte ~ g A &4 20
i B H s P B (B2 - b)ea2d HNMRF 29 5% %%

fashés & 20-AQ BT 4o AgTE Y £ 4 20 Pz kTR A 15 0 &
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AL s BHETHRDAEG Ho otk o LA g s

F 20 THH AWk Ho m*f# y Fm ik :}:%‘7'0”‘13’1'%3& » B AP
HYLEIFIAFRL (R-)e o i T 2 ek—30 | 20 4 Ag end by

% CHEF (chelation-enhanced fluorescence) »</i ' 4r¥t =7 B W3k nt—mit &

PR L o

3.13 1 & 4 18 4+ AQ'R 2 #1247 3

3.13.1 4 & 18.Ag Hh™ H F REM

18+Ag" (20eq.)
free 18
@ 40x10°- reversed 18
e
()
Q
n
o
S Loar
T 2.0x10°
00 : , .
400 500 600
Wavelength (nm)

Wz L - - & MeOH/CHCI; (viv, 98:2) &A% » 4 & 4 18-Ag”

|~

VR R

S D P S =4
Z_F REFHE o

e IBERME B AGFEAME N B LS 1BAY B EFT

cd der HO#IE6d - 5 P =3B B Rv it 54 180 37 d ¥ &



&P 4 L4 18-AQ°

L 2. o A MeOH/CHCI; (viv, 98:2) &%

AR

Sk >3t

iE R R iE AP

G

) s

SR RO (Rl L

b 55 3t

T

¥ kLA M A

Ea RSok ah

Y
L)

% k3

o
B

¥ 18 (reversed 18, Bz + =) 2 ¥

s
v

jL

gl

g ’

f

th e

I .

ey o ko

H Rt 22 AT & 3 18 (free 18, Bz -

=
%3

3132 4 &+ 18Ag'ER B & & Bdp+ iR & 14F

10

@ () (©) (@ (@) O @ ) (.0 K& O MmN

A T T T TRy
A T Ry
A I R T T T ity
A T T T T TRy
A A R T TR
AR RN SRS HESISES SIS . sy
A I I T T iy
AT TRy

A I I T TRy
A I T i
A I R T TN
N N N I T i iy
SRR TR ESS S S sy
A I I I iy

wu 86€ 12 0

I/l

* " Na* K- Mg'Ca?Ba®'Cu? Ni*' Cd? Hg? Zn”Mn* Pp?Cr**
Metal ions

~ & MeOH/CHCI; (viv, 98:2) 22

-
-
—

Wz -+

A @ & pap (LiTNa's

v &4 18 (10 uM) e H

K* - Mg2+ «Catt v Bat s Ag+ “Cut ~ Nizt s Cd2 » Hg2+ «7n%* <~ Mn?* ~ Pp%*

2 Cr*Y) 2 ¥ skt (398 nm) 583 & 1 B(1/1) (ex = 342 NM)

7 i £ 18 # AQ'

3|

Sex
YA
1=

</

? 9 % > 2 4_% MeOH/CHCI; (viv, 98:2) i

Ll

14 78 &

AgTts o B A s r B

£ i

¢ 5 #-10 M it & d 18 4 ~ 10 %
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10 % B2 £ &3 (LiT-Na'~ K"~ Mg® ~ Ca*" ~ Ba® ~ Cu® ~ Ni** ~ Cd?** -

Hg?" ~ Zn* ~ Mn?* ~Pb**2 Cr¥) tpir > A w|p| & H ¥k kgt (Fe

BRET R CuTer AQipiR pFnE MR R g £ 5 18-AQT
33520% (Ble L=z awh); c%a3 5 AgRT Hu &R pEo ¥k
K g H A ks (Bl 22 ) &2 7R LS £ HaS P v 8

# 18 154 AT B R h i pE Bdo

3133 f“ £ 4 18 ki $ Ag R RdF 7

#¥-%i%d MeOH/CHCI; (viv » 98:2) i® ;3 4 » :z & H,O/MeOH/CHClI;
(VIv - 10:88:2) R4 # > (7 10 UM ehit £ 4 18415482 52 10 5 £2 4
Ba+ (LIt s Na' ~ K v Mg~ Ca®" ~ Ba*" s Cu* «Ni** ~ Cd*" ~ Hg™ - Zn*" -

Mn* ~ Pb¥ 2 Cr¥") ‘i plat 4 endE 3 o
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(a.) 10+ 18 and —free 18 (C) 02- —fre? 18

) . o g
£) 18 with other metal cations 29, ——Ba"
= g 472 nm — ca ca”
2 | S o
a , e ° 18 and o
% 5118 with Ag'f —ar § 18 with other metal cations — ﬁ;z
= / : 2+ —Hg™ —_—
g {379,398 nm y 18 with Cu Y 8 0.14 342 nm N
4 \ — " o / — "
/N B —
by N / \ M % Mn?*
CO S \ —Na' ——Na'
% | N — N —N*
TN s 001 : -
= T T T 1 T T 1 n
400 500 600 700 300 400 500
Wavelength (nm) Wavelength (nm)

(o) S

77 398 nm

I/

W= Lz - & H,0/MeOH/CHCI; (v/v, 10:88:2) &3 #® - it & % 18 (10 uM)
v 154iEF % 4 B4+ (LT~ Na' s K' - Mg™ - Ca™ - Ba* - Ag' - Cu** -
*VCd* s Hg® ~ Zn® s Mn® s Pb™ 2 Cr*Y) .2 (a) % % k@ s (b) ¥ %

6 B % 1 e B B] (Aex = 342 nm) 2 () UV-vis 5 e 3 ] -

10

ETTRS

f 10%-k én ¥ FEA 7 2o UVAViS e k¢ (Fle L v )15 48 &

|k

2B L 18 A i A4 > WA S TR RO o

=i

v §_4p #3 e MeOH/CHCI (v/v, 98:2) 8 i3 | ¢ e UV-vis &z % 3% (B = -+
a) ) it &4 18 crwa it 35 R P BERE > J 0.5-0.8 55 1 0-0.15 ¢
B 10% ke fgia 2 ok k¥ (Ble L w a)y Ap>TH s 145 4

B oo L4 184 AQTIY R B JUBLR 1 o B REcsk (308 nm) H 4e 3
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B R R R (4720m) RS 017 & (Ble Lz b)e 2

N

34

=)
e
g0y
«7‘_.

¢r1 Methanol/CHCI; (viv > 98/2) 3% > 10 4 £ en Ag ¥t &4 18 ¢ =

Btk B4 92 6 0 BRI RS 027 B (Fl- L & d)e b B

v kAR g Y R R

3.14 X%

AP FAHBEE- BATORG T Zw— AR PR F R
PLr e o R pEAR e D2 ek CH— ¥ et A R as R X o 2k 0 B 2
thi e P2t | A¥ R4 R EEFH I d (Ui T, i
GRS L Xz ek CH B > 2 A A A8 (proximal) %t (distal) 0 %
R4S Ag' - HgT 2 CUP 2 feiit 4 o mE > 3 o 2 ndE [z ek
OACUERE s HAY U AR I TR G AR N 2 el =
-t (M54 18) 0 ¥ AQTE B F R R o Bikes I/ 2
BEBY S TSI 5Ptz £ [ = ebatt JL(L &5 20) 0 #
AR A E v Bl R A I B R S HIh CHER sy o ot 7 B s =+ &2

Agiengg £ =% £ B 5d "HNMRF 22 A5 #4835 DMol3 4p 3 &%

LRl o - KHAQREFOF RFEEN Aol LT A S #

[e=
=
s
F_&
>\_.
q
An)
.
(o)

plad -

M Tz ek 18 ¥ AQT et Gy s A AT A H B 2T
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F 3B B 5 o\ e A g 7 F MR
B :/ 3
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¢ % Ag
BOA R
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Ped ST THEHCEF T2 LAY HERETFEBET

41 = ek RO FFBNN B
= vi%&"ﬁ% TV A EBBARS FERANG S T RGBT FERA

(C—H----Anion) - %

PSS AR AR R A S ] R S e S A
G- REEFF TR ARISFTAARE A REC-HE T A
Mo TR kA A A G 4EEr 4 0% 40 19904# Farnham & & ¥ -
B2 P BC-HEF R A #2334 F p endy " R § F] 5 34 F B HE ROk

AZHARRIERE R TF 32 -CR-%  RE"RALT LT T &
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ok kF A4 F4EiEr 4 (Bl L 7)o 12,2008 Sesslers + & & it 2
243 F B hF ki TV PRIV T 52 calix[4]pyrroles ¢ < N-H
b kCl A2 g4Eier 4 > FRFERnk (Ble L 37) %
PREL T Az ek fl 02008 & FloodE A & =z ek H PR TR oA iT T
7 & Hitriazolephane > 3t Y & 4725 0 B G5 Rk & R4 i é-.fs—gﬁ,v* Eg:
2w A2 C-HY¥ 7 RCI 2 42347 % 2 (BleLra)em 2272 3y £2CI
& T UV-visB AT Rl F T F B 0 g S ST iE G R B A 0 T AT T
A4 Ft i £ $ 254 Cl g £ Uik d "HNMRj % 2 (2 = = b) o ™
E==

m‘l"l‘"“

25CI-

Wavelength / nm
(a)s & 7 25-CL e
PR ”]{ 7’5 P'g /rg T o

T
300

350
At
26d

&6 fiav 2 (D) 54252 7 5

g

% TBACI

-

1%

20104 Kim% 4 7 4 .4 % 8 T % 25,2721 26,28
S fig ) LR P ST B A
w _-L

M= “fl:L_CHz—
AN
) B ez AT HBEILRS ¢ il A2 i

¥ ok A B R R A S 26 (B

Mk i

SO
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900

=
. H;PﬁO( . CHiCO2
s a o
72\ HSO4

2 6004 N\ >
2 172N\
L [ W\ Free
= Br
@
p
@ 3004 \
[+] N
2 \
: :
3 < ~
c

0 T T T T

350 400 450 500 550 600

Wavelength (nm)
Wz = it & 426 (6 uM) 2 35 @ H8FEIL A+ (200% £ )& (74 & F B

W sy o 268
w kR o

ki e (W =)=
ARIF IR OIUTHEREA L Ta i 2 FRRES Y

i B A A R 2

o

it £4182220 (B 1) 2MeOH/CHCI; (viv,

98:2) M A ¢ > OB LA 10F 2w 7 AmBmL T (CHCOO -

ETTRS

H,PO, ~HSO, ~NOg"~F ~CI ~Br ~ I £HO") & {74 & F % > F1* UV-vis
Kz R REER - SE A BBl LN E e L4 AT o

F1 % UV-vissife 6 3 i Pl ko OfBIS 3 1t £ 11822080025 A 2
Frerecfoit > B R S R ok oofc i e feih B R R (Bl L ) o MR T2 ek
—1 ) 18 o dE R R s i T2 kT ) AT o Wk B s 5 (Fle
~a) 0 w342 nme g 392 0.07 5 18 dﬁ 1 CH3COO H 5 » 2 3343 nmen

BojT R 53 < 0.005 0 H s PR (Ble - ADb) e
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(b) os,

,\
L

20 and
0.6 20 with other anions —;o
—br
% % : g:-—gCOO
o] o —F
2 S ——HPO,
g g .
_
—NO;
HO
300 400 500 600
Wavelength (nm) Wavelength (nm)

Wz L A~ & MeOH/CHCI; (v, 98:2) 583 & ¢ » 25 uM :hit & % (a)18%
(0)20 44946 % 510% £2 = = Ao=@mL 3T (CHCOO ~ H,PO, ~ HSO, -

NO;™ ~ F1n CI s Bria -2 HO) 4= & 7 8 2 UV-visix i< % 3 ) o

(@) (b)

- ~ 2
5 i - =}
36 18 with Br 3
2 —18 2 15 . —x
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All reported yields were isolated yields. Flash column chromatography was
performed using silica gel (70-230 mesh). *H NMR spectra were recorded in a
300 MHz NMR spectrometer, using the CDCI; solvent peak as an internal
standard. '*C NMR spectra were recorded at 75.4 MHz. The following
abbreviations are used: singlet (s), doublet (d), triplet (t), quartet (q), and
multiplet (m). "High resolution mass spectra were measured at FAB mode or
Electron Impact by JMS-700 HRMS. Melting points were measured with a
Yanaco MP500D apparatus..and were uncorrected. = UV-vis spectra were
measured with an HP-8453-spectrophotometer and solvents were of HPLC
grades.  Fluorescence spectra were measured with an AMINCO-Bowman
Series 2 or FluoroMax—3 luminescence spectrometer and solvents were of

HPLC grades.

General procedures for the synthesis of 3a, 3b, 3, and 10

To an ice cold solution of o-anisidine 0.18 g (1.50 mmol) in 4 N HCI (4 mL)
and acetone (5 mL) was added a solution of NaNO5 (0.20 g, 3.00 mmol) in H,O
(5 mL), and the mixture was stirred for 3 h in ice-water bath. The combined
solution was added, respectively to another ice cold solution of 2, 7, or 9 (0.60
mmol) in pyridine (10 mL) to produce a colored solution. The reaction mixture
was stirred for 1-3 days at 0 °C and then treated with 4 N HCI (50 mL) to give a
colored precipitate. The solid residue was purified by column chromatography
with ethyl acetate/hexane as an eluent and gave the corresponding products in

20-83% yield.
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5,17-bis(o-Methoxyphenyl)azo-25,27-dipropargyloxy-26,28-dihydroxycalix—
[4]arene (3a). The solid was eluted with ethyl acetate/hexane (v/v, 1:1) and
gave 0.17 g (36%) of an orange powder; mp 213-214 °C; R; = 0.65
(EtOAc/hexane, 1:1); *H NMR (CDCl,, 300 MHz) & 7.77 (4H, s, Ph—-H), 7.63
(2H, s, OH), 7.60 (2H, dd, J = 8.0, 1.6 Hz, Ph—H), 7.43-7.37 (2H, m, Ph—H),
7.09-6.94 (8H, m, Ph—H), 6.76 (2H, t, J = 7.5 Hz, Ph-H), 4.83 (4H, d, J = 2.4
Hz, OCH,), 4.44 (4H, d;J = 13.2 Hz, Ph—~CH,—Ph), 4.03 (6H, s, OCHy), 3.58
(4H, d, J = 13.2 Hz, Ph—CH,—Ph), 2.63 (2H, t;"J = 24 Hz, OCH,CCH); *C
NMR (CDCls, 75.4 MHz) & 156.7 (Cq), 156.6 (Cq), 151.2 (Cq), 146.7 (Cq),
143.1 (Cq);133.0 (Cq),-131.8:(CH), 129.6 (Cq), 129.6 (CH), 128:9 (Cq), 126.3
(CH), 124.4 (CH), 121.3 (CH), 117.6 (CH), 112.8 (CH), 78.4 (Cq), 77.6 (CH),
64.0 (CHy), 56:7-(CHs); 32.1 (CH,); MS (FAB, m/z) 769 [M + H']; HRMS m/z
calcd for CigH.;N4Og 769.3026, found 769.3028.

5-(o-Methoxyphenyl)azo-25,27-dipropargyloxy-26,28-dihydroxycalix[4]-

arene (3b). The solid was eluted with ethyl acetate/hexane (v/v, 1:2) and gave
0.16 g (42%) of an orange powder; mp 207-209 °C; R; = 0.73 (EtOAc/hexane,
1:1); *H NMR (CDCls;300 MHz) & 7.76 (2H, s, Ph—H), 7.63 (1H, s, OH),
7.62-7.58 (1H, m, OH), 7.42-7.37 (1H, m, Ph—H), 7.11-6.99 (5H, m, Ph-H),
6.93 (2H, dd, J = 7.5, 1.5 Hz, Ph-H), 6.86 (2H, dd, J = 7.7, 1.3 Hz, Ph-H),
6.76-6.69 (3H, m, Ph—H), 4.81 (4H, d, J = 2.4 Hz, OCH,), 4.44 (2H, d, J = 13.2
Hz, Ph—CH,—Ph), 4.41 (2H, d, J = 13.2 Hz, Ph—CH,—Ph), 4.03 (3H, s, OCH),
3.56 (2H, d, J = 13.2 Hz, Ph—CH,—Ph), 3.43 (2H, d, J = 13.2 Hz, Ph—CH,—Ph),
2.60 (2H, t, J = 2.4 Hz, OCH,CCH); *C NMR (CDCls, 75.4 MHz) 5 156.8(Cq),
156.6 (Cq), 153.4 (Cq), 151.7 (Cq), 146.6 (Cq), 143.1 (Cq), 133.7 (Cq), 133.1

(Cq), 131.7 (CH), 129.7 (CH), 129.6 (Cq), 129.0 (CH), 128.9 (CH), 128.7 (Cq),
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126.2 (CH), 124.4 (CH), 121.3 (CH), 119.6 (CH), 117.6 (CH), 112.8 (CH), 78.6
(Cq), 77.6 (CH), 63.9 (CH,), 56.7 (CH3), 32.2 (CH,), 32.1 (CH,); MS (FAB, m/z)
635 [M + H']; HRMS m/z calcd for C4,H3sN,0s 635.2546, found 635.2532,

5,17-bis(o-Methoxyphenyl)azo-25,27-bis(1-benzyl-1H-1,2,3-triazolyl-
methyloxy)-26,28-dihydroxycalix[4]arene (4). To a mixture of 3a 0.20 g
(0.26 mmol) and 1-(azidomethyl)benzene 0.12 g (0.92 mmol) in THF/H,O 30
mL (v/v, 6:1) was added Cul 2.50 mg (0.01 mmol) and then reflux for 18 h.
After evaporation of solvent, the residue was dissolved in CH,Cl, and washed
thrice with H,O.  The organic layer was dried over MgSO, and the filtrate was
concentrated under reduce-pressure. The crude product was purified by
column chromatography with ethyl acetate/hexane (v/v, 3:1) to afford pure
compound 4 0.19 g (71%); mp 256—257 °C; R¢= 0.18 (EtOAc/hexane, 1:1); *H
NMR(CDCls, 300 MHz) & 8.08 (2H, s, OH), 7.78 (2H, s, CCHN), 7.70 (4H, s,
Ph-H), 7.60 (2H, dd, J = 8.0, 1.62 Hz, Ph—H), 7.43-7.25 (12H, m, Ph-H),
7.09-6.99 (4H, m, Ph—H), 6.94 (4H, d, J = 7.6 Hz, Ph-H), 6.75 (2H, t, J = 7.6
Hz, Ph-H), 5.62 (4H, s, NCH.Ph), 5.21 (4H, s, OCH,), 4.17 (4H, d, J = 13.2 Hz,
PhCH,Ph), 4.14 (6H, 5, OCH,), 3.37 (4H, d, J = 13.2'Hz, PhCH.Ph); **C NMR
(CDCls, 75.4 MHz) §156.8(C(),156.6 (Cq), 151:7 (Cq), 133.0 (Cq),131.8 (CH),
130.0 (Cq), 129.5 (CH), 129.3 (CH), 128.6 (Cq), 128.5 (CH), 126.3 (CH), 124.4
(CH), 124.0 (CH), 121.3 (CH), 117.6 (CH), 112.8 (CH), 70.0 (CH,), 56.7 (CHs),
54.8 (CH,), 31.8 (CH,); MS (FAB, m/z) 1036 [M + H']; HRMS m/z calcd for
Ce2Hs4N1906 1034.4228, found 1034.4235.
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5-(0-Methoxyphenyl)azo-25,27-bis(1-benzyl-1H-1,2,3-triazolylmethyloxy)-
26,28-dihydroxycalix[4]arene (5). To a mixture of 3b 0.20 g (0.32 mmol) and
1-(azidomethyl)benzene 0.15 g (1.10 mmol) in THF/H,O 30 mL (v/v, 6:1) was
added Cul 6.00 mg (0.03 mmol) and then reflux for 18 h.  After evaporation of
solvent, the residue was dissolved in CH,CI, and washed thrice with H,O. The
organic layer was dried over MgSO, and the filtrate was concentrated under
reduce pressure. The crude product was purified by column chromatography
with ethyl acetate/hexane (v/v, 3:1) to afford pure compound 5 0.21 g (73%); mp
146-147 °C; Ry = 0.25 (EtOAc/hexane, 1:1); *H NMR (CDCls, 300 MHz) §8.16
(1H, s, OH); 7.77 (2H, s, CCHN), 7.68 (2H, s, Ph-H), 7.60 (1H, dd, J = 8.0, 1.7
Hz, Ph-H), 7.55 (1H, s,-OH), 7.41-7.26 (10H, m, Ph—H), 7.09-6.98 (4H, m,
Ph-H), 6.91 (2H, dd, J = 7.5, 1.4 Hz, Ph-H), 6.84 (2H, dd, J = 7.7, 1.5 Hz,
Ph-H), 6.73-6.64 (3H, m, Ph—H), 5.58 (4H, s, NCH,Ph), 5.17 (4H, s, OCH,C),
4.17 (2H, d, J = 13.1 Hz, PhCH,Ph), 4.16 (2H, d, J = 13.2 Hz, PhCH,Ph), 4.03
(3H, s, OCHs), 3.35 (2H, d;J = 13.2 Hz, PhCH,Ph), 3.26 (2H, d, J = 13.1 Hz,
PhCH,Ph); **C NMR (CDCls, 75.4 MHz) §156.8 (Cq), 156.6/(Cq), 153.4 (Cq),
151.8 (Cq), 146.6 (Cq), 144.3 (Cq), 143.1 (Cq), 135.3 (Cg), 133.6 (Cq), 133.0
(Cq), 131.7 (CH), 129.7 (CH),129.6 (CH),129.5 (CH),129.1 (Cq),128.9
(CH),128.7 (CH), 128.4 (CH),128:2"(CH),126.2 (CH),124.3 (CH),123.9
(CH),121.3 (CH), 119.6 (CH), 117.5 (CH), 112.8 (CH), 70.2 (CH,), 56.7 (CHy),
54.6 (CH,), 31.8 (CH,), 31.7 (CH,); MS (FAB, m/z) 901 [M + H']; HRMS m/z
calcd for CssH4gNgOs 900.3748, found 900.3737.

5,17-bis(o-Methoxyphenyl)azo-25,27-bis(1-benzyl-1H-1,2,3-triazolyl-
methyloxy)-26,28-dipropyloxycalix[4]arene (6). To a well stirred solution of

4 0.20 g (0.19 mmol) and NaH 0.14 g (5.78 mmol) in dry DMF (20 mL) was
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added 1-iodopropane 0.66 g (3.86 mmol) and then stirred at 80 °C for 18 h.
After quenching the NaH by adding MeOH in an ice-water bath, the reaction
solution was extracted thrice with CH,CIl, (20 mL). The organic layer was
dried over MgSO, and the filtrate was evaporated to give the crude product. The
crude product was purified by column chromatography with acetone/hexane (v/v,
1:1) to afford pure compound 6 0.03 g (14%); mp 82-84 °C; R; = 0.28
(EtOAc/hexane, 1:1); *HINMR (CDCls, 300 MHz) & 7.57-7.55 (2H, m, Ph—H),
7.51 (4H, s, C=CHN), 7.42=7.36 (10H, m, Ph), 7.30-7.28 (3H, m, Ph-H), 7.07
(3H, d, J = 8.2 Hz, Ph—H), 6.96 (2H, t, J = 15.2 Hz; Ph—H), 6.32 (6H, d, J = 7.6
Hz, Ph—H), 5.52 (4H, s, NCH,Ph), 5.01 (4H, s, OCH,), 4.29 (4H, d, J = 13.2 Hz,
PhCH,Ph), 4.01 (6H, s,OCHs), 3.85 (4H;:t, J = 7.9 'Hz, OCH,CH,CH), 3.00
(4H, d, 3 = 13.5 Hz, PhCH,Ph), 1.75-1.67 (4H, m, OCH,CH,CHs), 0.69 (6H, t,
J = 7.41 Hz, OCH,CH,CHs); *C NMR (CDCls, 75.4 MHz) §161.0 (Cg), 156.9
(Cq), 154.3 (Cq), 148.6 (Cq), 144.9 (Cq), 143.0(Cq), 137.2(Cq), 135.1 (Cq),
133.8 (Cg), 132.0 (CH), 129.7 (CH), 129.6 (CH), 129.5 (CH), 129.4 (CH), 128.5
(CH), 128.4 (CH), 124.0 (CH), 123.4 (CH), 123:3 (CH), 121.3 (CH), 117.4 (CH),
113.0(CH), 77.2 (CH2), 67.7 (CH2), 56.8 (CH), 54.6 (CH,), 31:5 (CH,), 23.4
(CH,), 10.4 (CHg); MS. (FAB, m/z) 1121 [M + H']; HRMS m/z calcd for
CesHesN 1006 1118.5167, found 1118.5168.

5,17-bis(o-Methoxyphenyl)azo-25,27-dipropyloxy-26,28-dihydroxycalix[4]—
arene (8). The solid was eluted with ethyl acetate/hexane (v/v, 1:3) and gave
0.09 g (39%) of an orange powder; mp 332-334 °C; R; = 0.9 (EtOAc/hexane,
1:1); *H NMR (CDCls, 300 MHz) §8.84 (2H, s, OH), 7.75 (4H, s, Ph—H), 7.59
(2H, dd, J = 8.0, 1.68 Hz, Ph—H), 7.41-7.36 (2H, m, Ph—H), 7.08-6.98 (8H, m,

Ph-H), 6.78 (2H, t, J = 7.5 Hz, Ph—H), 4.34 (4H, d, J = 13.1 Hz, PhCH,Ph),
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4.05-4.01 (10H, m, 20CH; and 20CH,CH,CHj3), 3.55 (4H, d, J = 13.1 Hz,
PhCH,Ph), 2.13-2.07 (4H, m, OCH,CH,CH,), 1.35 (6H, t, J = 7.4 Hz,
OCH,CH,CHs); *C NMR (CDCl,, 75.4 MHz) & 157.4 (Cq), 156.6 (Cq), 152.2
(Cq), 146.4 (Cq), 143.2 (Cq), 133.1 (Cq), 131.7 (CH), 129.8 (CH), 128.7 (Cq),
125.8 (CH), 124.4 (CH), 121.7 (CH), 117.6 (CH), (CH), 78.8 (CH,), 56.7 (CHs),
31.7 (CH,), 32.9 (CH,), 11.3 (CH,); MS (FAB, m/z) 778 [M + H']; HRMS m/z
calcd for CugHsN4Og 776.3574, found 776.3576.

4-(o-Methoxyphenyl)azo-2,6-dimethylphenol (10). The solid was eluted
with ethyl acetate/hexane (v/v, 1:1) and gave 0.52 g (83%) of an orange powder,
mp 47-48 °C; R; = 0.15 (CH,Cl,/hexane, 1:1); *H NMR (CDCls, 300 MHz) &
7.65-7.61 (3H, m; Ph—H), 7.40-7.35 (1H, m, Ph=H), 7.08-6.98 (2H, m, Ph—H),
4.01 (3H, s, OCHy), 2.31 (6H, s, 2CHs); *C NMR (CDCl,, 75.4 MHz) & 156.2
(Cq),1146.4 (Cq), 142.0 (Cq), 131.4 (CH), 124.9 (CH), 124.5(CH), 121.3 (CH),
117.2 (CH), 112.7 (CH), 56.7 (CH3), 16.4 (CH;); MS (El, m/z) 256 [M];
HRMS m/z caled for CisH1sN20O5 256.1212, found 256.1207.

5,11,17,23-tetra-t-Butyl-25,26-bis(O-propargyl)calix[4]arene = (17) A
solution of 5,11,17,23-tetra-t-butylcalix[4]arene (0.5 g, 0.77 mmol), propargyl
bromide (0.20 g, 1.70 mmol) in DMF (20 mL) and sodium hydride (0.27 g, 1.92
mmol) was stirred at 70 °C for 2 h. The reaction mixture was extracted twice
with CH,CIl, and the organic solution was dried over MgSO, and then
evaporated to give the sticky crude products. Purification by column
chromatography on silica gel eluting with ethyl acetate/hexane (v/v, 2:3) gave
pale yellow solid compound 17 (0.31 g, 56%); R = 0.9; CH,Cl,/hexane (v/v,

1:1); mp 120-130 °C; 'H NMR (CDCls, 300 MHz) § 8.33 (s, 2H, -OH),
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7.04-7.00 (m, 8H, ph-H), 4.99-4.81 (m, 4H), 4.59 (d, J = 12.8 Hz, 1H), 4.52 (d,
J=13.1 Hz, 2H), 4.37 (d, J = 13.4 Hz, 1H), 3.40 (d, J = 13.2 Hz, 2H), 3.38 (d, J
= 13.5 Hz, 2H), 2.67 (t, J = 2.4 Hz, 2H, alkynyl-H), 1.24 (s, 18H, t-Bu), 1.17 (s,
18H, t-Bu); *C NMR (CDCls, 75.4 MHz) §151.2 (Cq), 149.3 (Cq), 147.8 (Cq),
143.1 (Cq), 134.3 (Cq), 134.1 (Cq), 129.1 (Cq), 128.9 (Cq), 126.5 (CH), 126.4
(CH), 125.8 (CH), 125.6 (CH), 79.9 (Cq), 76.5 (CH), 62.9 (CH,), 53.7 (CH,),
34.5 (Cq), 34.3 (Cq), 33:1 (CH,), 32.8 (CH,), 32.0 (CHs), 31.7 (CHs); EI-MS
m/z 724 (M"); HRMS m/z calcd for CsoHgO4 724.4492, found 724.4498.

General ‘procedures for the synthesis of 18, 20, and 22. A solution of
1-azidopyrene (0.25 g, 1.03-mmol) and Cul-1 mg (0.005 mmol) was added to 17
(0.37 g, 0.52 mmol), 19 (0.37 g, 0.52 mmol), and 21 (0.19 g, 1.03 mmol) in
THF/H,O (v/v, 2:1, 30 mL), respectively, and the heterogeneous mixture were
stirred at 50 °C for 1 d. ' The mixture was extracted twice with CH,CI, and all
the organic layers were combined, dried over MgSO,, and then evaporated to
give the solid crude products. Column chromatography on silica gel eluting
with ethyl acetate and hexane gave white solid compounds 18, 20, and 22 in

74%, 72%, and 79% yield, respectively.

5,11,17,23-tetra-t-Butyl-25,26-bis[(O-methyl)-2H-trizole-1-pyrene]calix[4]—

arene (18) The solid was eluted with ethyl acetate/hexane (v/v, 1:1) and gave
18 (0.45 g, 72%) as a white solid, mp 201-202 °C; R; = 0.3, ethyl acetate/hexane
(v/v, 1:3); *H NMR (CDCls, 300 MHz) §9.17 (s, 2H), 8.39 (s, 2H), 8.02-7.52 (m,
18H), 7.14 (d, J = 2.4 Hz, 2H), 7.09 (d, J = 2.3 Hz, 2H), 7.04 (d, J = 2.3 Hz, 2H),
7.00 (d, J = 2.3 Hz, 2H), 5.74 (d, J = 11.5 Hz, 2H), 5.16 (d, J = 11.5 Hz, 2H),

4.85 (d, J = 12.7 Hz, 1H), 4.54 (d, J = 12.9 Hz, 2H), 4.29 (d, J = 13.5 Hz, 1H),
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3.61 (d, J = 12.7 Hz, 1H), 3.45 (d, J =12.9 Hz, 2H), 3.38 (d, J = 13.5 Hz, 1H),
1.23 (s, 18H), 1.19 (s, 18H); **C NMR (CDCls, 75.4 MHz) & 151.8 (Cq), 149.5
(Cq), 147.8 (Cq), 144.6 (Cq), 143.1 (Cq), 134.4 (Cq), 133.6 (Cq), 131.8 (Cq),
131.0 (Cq), 130.4 (Cq), 130.1 (Cq), 129.7 (Cq), 129.4 (Cq), 128.7 (CH), 128.4
(Cq), 127.4 (CH), 126.8 (CH), 126.7 (CH), 126.7 (CH), 126.6 (CH), 126.3 (CH),
126.0 (CH), 126.0 (CH), 125.9 (CH), 125.1 (CH), 124.6 (Cq), 124.5 (CH), 123.8
(Cq), 122.9 (CH), 121.0/(CH), 69.6 (CH,), 34.6 (Cq), 34.3 (Cq), 33.2 (CH,),
31.9 (CH,), 31.9 (CHs), 31.7 (CHs), 30.1 (CH); 29.7 (CH,); MS (FAB, m/z)
1211 [M*]; HRMS m/z calcd for Cg,H7gNgO. 1210.6085, found 1210.6100.

5,11,17,23-tetra-t-Butyl-25,27-bis[(O-methyl)-2H-trizole-1-pyrene]calix[4]-
arene (20) ' The solid was eluted with ethyl acetate/hexane (v/v, 1:1) and gave
20 (0.47 g, 74%) as a white solid, mp 196-197.°C; Rs = 0.3, ethyl acetate/hexane
(v/v, 1:3); *H NMR (CDCls, 300 MHz) 58.08 (s, 2H), 8.05-7.62 (m, 18H), 7.30
(s, 2H), 7.11 (s, 4H), 6.87 (s, 4H),;'5.32 (s, 4H), 4.40 (d, J = 13.1 Hz, 4H), 3.40
(d, J = 13.1 Hz, 4H),;1.31 (s, 18H), 0.99 (s, 18H); **C NMR (CDCl3, 75.4 MHz)
5150.9 (Cq); 150.2 (Cq); 147.9 (Cq), 144.6 (Cq), 142.3 (Cq), 133.0 (Cq), 132.1
(Cq), 131.2 (Cq), 130.7:(Cq), 130.3 (Cq), 129.7 (CH), 128.9 (CH), 127.3 (Cq),
127.1 (CH), 126.9 (CH), 126.5 (CH);*126.4 (CH), 126.2 (CH), 125.8 (CH),
125.7 (CH), 124.9 (CH), 124.1 (Cq), 123.1 (CH), 121.3 (CH), 70.1 (CH,), 34.4
(Cq), 34.3 (Cq), 32.4 (CH,), 32.2 (CH,), 31.5 (CHa3); MS (FAB, m/z) 1211 (M",
0.45), 1234 ([M + Na'], 0.27); HRMS m/z calcd for CgH-gNsO, 1210.6085,
found 1210.6089.

t-Butylphenyl-(O-methyl)-2H-trizole-1-pyrene (22) The solid was eluted

with ethyl acetate/hexane (v/v, 1:1) and gave 7 (0.35 g, 79%) as a white solid,
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mp 170-171 °C; R; = 0.6, ethyl acetate/hexane (v/v, 1:3), '"H NMR (CDCls, 300
MHz) § 8.32-8.06 (m, 9H), 7.88 (d, J = 9.3 Hz, 1H), 7.38-7.35 (m, 2H),
7.05-7.02 (m, 2H), 5.43 (s, 2H), 1.32 (s, 9H); °C NMR (CDCls, 75.4 MHz) &
156.5 (Cq), 145.1 (Cq), 144.5 (Cq), 132.7 (Cq), 131.5 (Cq), 131.1 (Cq), 130.8
(Cg), 130.2 (CH), 129.4 (CH), 127.4 (CH), 127.2 (CH), 126.9 (CH), 126.8 (CH),
126.6 (Cq), 126.5 (CH), 126.2 (CH), 125.5 (Cq), 125.1 (CH), 124.6 (Cq), 123.8
(CH), 121.5 (CH), 114.7(CH), 62.7 (CHy), 34.1 (Cg), 31.5 (CH,); MS (EIl, m/2)
431 [M']; HRMS m/z calcd for CygH»sN3O 431.1998, found 431.1999.

General procedures for the synthesis of 30—33. A solution of p-substituted-

1-azidobenzene 27-29 (1.03 mmol).and Cul about (1 mg, 0.005 mmol) was
added to 19 (0.37 g, 0.52 mmol), and 21 (0.19 g, 1.03 mmol) in THF/H,O (v/v,
2:1, 30 mL), respectively, and the heterogeneous mixture were stirred at 50 °C
for 1'day. =The mixture was extracted twice with CH,Cl, and all the organic
layers were combined, dried over-MgSO,, and then evaporated to give the solid
crude products. Column chromatography -on silica gel eluting with ethyl

acetate and hexane gave white solid compounds 30—33 in 73—-85% yield.

5,11,17,23-tetra-t-Butyl-25,27-bis[(O-methyl)-2H-trizole-1-(p-nitrobenzene)]

calix[4]arene (30) The solid was eluted with ethyl acetate/hexane (v/v, 1:3) and
gave 30 (0.40 g, 73%) as a yellow solid; mp 199-200 °C; R; = 0.6, ethyl
acetate/hexane (v/v, 1:3); 'H NMR (CDCl,, 300 MHz) §8.84 (s, 2H), 8.37 (d, J
=9.12 Hz, 4H), 7.71 (d, J = 9.12 Hz, 4H), 7.62 (s, 2H), 7.11 (s, 4H), 6.91 (s, 4H),
5.31 (s, 4H), 4.31 (d, J = 13.1 Hz, 4H), 3.41 (d, J = 13.1 Hz, 4H), 1.29 (s, 18H),
1.02 (s, 18H); *C NMR (CDCls, 75.4 MHz) & 150.5 (Cq), 149.6 (Cq), 148.5

(Cq), 147.5 (Cq). 146.8 (Cq), 143.1 (Cq), 140.9 (Cqg), 133.0 (Cq), 128.4 (Cq),
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126.4 (CH), 126.2 (CH), 126.0 (CH), 125.8 (CH), 121.2 (CH), 119.9 (CH), 70.5
(CHy), 34.5 (Cq), 34.3 (Cq), 32.2 (CHy), 32.1 (CHa), 31.4 (CH3); MS (FAB, m/z)
1053 (M*); HRMS m/z calcd for CgHgsNgOg 1052.5160, found 1052.5173.

5,11,17,23-tetra-t-Butyl-25,27-bis[(O-methyl)-2H-trizole-1-1benzene]calix[4]
arene (31) The solid was eluted with ethyl acetate/hexane (v/v, 3:5) and gave 31
(0.38 g, 76%) as a white solid; mp 156-157 °C; Rs = 0.5, ethyl acetate/hexane
(v/v, 1:3); *H NMR (CDClg, 300 MHz) §8.66 (s, 2H), 7.51 (s, 3H), 7.39 (s, 8H),
7.09 (s, 3H), 6.86 (s, 3H), 5.32 (s, 4H), 4.32 (d, J = 13.1 Hz, 4H), 3.38 (d, J =
13.1 Hz, ‘4H), 1.29 (s, 18H), 0.97 (s, 18H); °C NMR (CDCls; 75.4 MHz) &
150.7 (Cq), 149.6 (Cq), 148.2 (Cq), 145.9.(Cq), 142.7 (Cq). 136.8 (Cq), 133.0
(Cq), 130.1 (CH), 129.1 (CH), 128.1 (Cq), 126.2 (CH), 125.7 (CH), 121.0 (CH),
119.8 (CH), 70.8 (CH,), 34.5 (Cq), 34.3 (Cg), 32.1 (CH,), 32.1 (CH,), 31.4
(CH,); MS (FAB, m/z) 963 (M"); HRMS m/z calcd for Cg,H7oNgQ4 962.5459,
found 963.5450.

5,11,17,23-tetra-t-Butyl-25,27-bis[(O-methyl)-2H-trizole-1-(p-methoxy—

benzene)]calix[4]arene (32) The solid was eluted with ethyl acetate/hexane (v/v,
2:3) and gave 32 (0.43 g, 80%) as a white solid; mp 159-160 °C; R; = 0.3, ethyl
acetate/hexane (v/v, 1:3); *H NMR (CDCls, 300 MHz) &5 8.51 (s, 2H), 7.42 (s,
2H), 7.34 (d, J = 9.1, 4H), 7.09 (s, 4H), 6.87 (d, J = 9.1, 4H), 6.85 (s, 4H), 5.30
(s, 4H), 4.31 (d, J = 13.1 Hz, 4H), 3.36 (d, J = 13.1 Hz, 4H), 1.29 (s, 18H), 0.96
(s, 18H); **C NMR (CDCls, 75.4 MHz) § 160.1 (Cq), 150.7 (Cq), 149.7 (Cq),
148.1 (Cq). 145.6 (Cq), 142.6 (Cq), 132.9 (Cq), 130.3 (Cq), 128.1 (Cq), 126.2
(CH), 125.7 (CH), 121.5 (CH), 121.2 (CH), 115.2 (CH), 70.7 (CH,), 56.1 (CH5),

34.4 (Cq), 34.3 (Cq), 32.1 (CHy), 32.1 (CHy), 31.4 (CHs); MS (FAB, m/z) 1023
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(M%); HRMS m/z calcd for Cg4H74NgOs 1022.5670, found 1022.5670.

t-Butylphenyl-(O-methyl)-2H-trizole-1-(p-nitrobenzene) (33) The solid was
eluted with ethyl acetate/hexane (v/v, 3:5) and gave 33 (0.31 g, 85%) as a pale
yellow solid; mp 197-198 °C; R; = 0.5, ethyl acetate/hexane (v/v, 1:3), '"H NMR
(CDCl3, 300 MHz) & 8.43-8.40 (m, 2H), 8.18 (s, 1H), 8.01-7.97 (m, 2H),
7.35-7.32 (m, 2H), 7.00=6.94 (m, 2H), 5.30 (s, 2H), 1.30 (s, 9H); *C NMR
(CDCl, 75.4 MHZ) & 156.1 (Cq), 147.7 (Cq), 146.7 (Cq); 144.7 (Cq). 141.5
(Cq), 126.9 (CH); 126.0 (CH), 121.1 (CH), 120.9 (CH), 114.5 (CH), 62.3 (CH,),
34.5 (Cq), 31.9 (CH,); MS (El, m/z) 352 [M']; HRMS m/z calcd for CygH,N4O5
352.1535, found 352.1534.

General procedures for measurements of the relative quantum yields of
ligands-18, and 20 as well as complexes 18-Ag’, and 20-Ag”. = Firstly, the
relative quantum yield of pyrene in MeOH/CHCI3 (v/v, 98:2) cosolvent was
measured (Table S1) (& of pyrene in EtOH = 0.53 was used)*** based on egn
2.7

B = (FIFo) x (AJR) X (/)2 @2 (eI 2)

Where A and A, are the absorbance of the sample and the standard at the
excitation wavelength, respectively; F and F, are the integrated fluorescence
emissions of the sample and the standard, respectively; and n and n, are solvent

refractive indexes of the sample and the standard, respectively.
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Table S1. The data for the quantum yield measurement of pyrene in EtOH or a
MeOH/CHClI; (v/v, 98:2) cosolvent (excitation wavelength = 319 nm).

A (319 nm) F(350—640 nm) F/Fo A/Ao Quantum yl€|d
pyrenel 0.49 50990000 1.00 1.00 0.53
pyrene 0.49 28940000 0.57 0.99 0.29

1 The data of pyrenes was measured in ethanol.

Secondly, the relative fluorescent quantum yields (@x) of ligands 18 and 20,
and complexes 18-Ag” and 20-Ag"in-MeOH/CHCI; (v/v, 98:2) polar protic
cosolvent were determined using pyrene as a standard (@ of pyrene in a
MeOH/CHClIs (v/v, 98:2) cosolvent = 0.29 ‘was used) based on eqn 2,
speratively (Table S2 and-S3).

Table S2. The data for the quantum yield measurement of ligand 18 and
complex 18:-Ag” in 'a MeOH/CHCI; (v/v, 98:2) cosolvent using pyrene as the
standard (excitation wavelength = 322 nm).

A (322 hm) F(350-640 nm) F/Fo AlA, Quantum yield
18 0.31 35070000 141 1.00 0.40
18-Ag" 0.39 44360000 1.78 0.79 0.40
pyrene 0.31 24950000 1.00 1.00 0.29

Table S3. The. data for the quantum yield measurement of ligand 20 and
complex 20-Ag” in a. MeOH/CHCI5 (v/v; 98:2) cosolvent using pyrene as the
standard (excitation wavelength = 320 nm).

A (320 nm) F(350-640 nm) F/F, AlA, Quantum vyield
20 0.39 54760000 2.11 1.13 0.67
20-Ag” 0.42 65910000 2.54 1.04 0.75
pyrene 0.44 25920000 1.00 1.00 0.28

Finally, all the results are summarized in Table S4.
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Table S4. Relative fluorescent quantum yield (@) of ligands 18 and 20 (10 uM)
in the absence and presence of 40 equiv of AgCIO, in a MeOH/CHClI; (v/v, 98:2)
cosolvent, where pyrene was used as a standard (excitation wavelength =
319-322 nm).

pyrene ligand 18  18-Ag” ligand 20  20-Ag”

0.29 0.40 0.40

“---l',

0.67 0.75
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