Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2016

Supplementary Information

A Fluorescent Molecular Capsule with a Flexible Polyaromatic
Shell for Detecting Monoterpene Compounds in Water

Akira Suzuki, Kei Kondo, Yoshihisa Sei, Munetaka Akita, and Michito Yoshizawa*

Chemical Resources Laboratory, Tokyo Institute of Technology, 4259 Nagatsuta,

Midori-ku, Yokohama 226-8503, Japan; *E-mail: yoshizawa.m.ac@m.titech.ac.jp

Contents

Materials and methods

Synthetic route of cis,cis-1a

Synthesis of 9-(2,4-dimethoxyphenyl)anthracene (5;; '"H & "C-NMR spectra)

Synthesis of 9-(5-bromo-2,4-dimethoxyphenyl)anthracene (55; 'H & "“C-NMR
spectra)

Synthesis of 5, ('H & "C-NMR spectra)

Synthesis of 1b (MALDI-TOF MS spectrum)

Synthesis of 1¢ ("H, "C-NMR, HH-COSY & HSQC spectra)

Synthesis of trans,trans-1¢ ("H, "*C-NMR, HH-COSY & HSQC spectra)

Synthesis of cis,cis-1¢ ('"H, P"C-NMR, HH-COSY & HSQC spectra)

Synthesis of cis cis-1a ('"H, "C-NMR, HH-COSY, HSQC & ESI-TOF MS spectra)

Formation of capsule 2 ('"H NMR, ESI-TOF MS, UV-vis & Fluorescence spectra;
AFM & DLS analyses)

Preparation of 2¢(3a), (‘"H, DOSY, and NOESY NMR spectra & Fluorescence data)

Preparation of 2¢(3b-¢), ("H NMR spectra & Fluorescence data)

Preparation of 2¢(4e), ('H and DOSY NMR spectra)

Detection of natural fragrance compounds 4a-1 by capsule 2 (Fluorescence data)

S1



Materials and methods

NMR: Bruker AVANCE-400 (400 MHz) & AVANCE-500 (500 MHz), MALDI-TOF
MS: Shimadzu AXIMA-CFR Plus, ESI-TOF MS: Bruker micrOTOF II, AFM: Asylum
Research Cypher S, Size Analysis (DLS): Wyatt Technology DynaPro NanoStar, FT
IR: JASCO FT/IR-4200, UV-vis: JASCO V-670DS, Fluorescence: HITACHI F-7000,
Absolute PL quantum yield: Hamamatsu Quantaurus-QY C11347-01, Elemental
analysis: LECO CHNS-932 VTF-900.

Solvents and reagents: TCI Co., Ltd., WAKO Pure Chemical Industries Ltd., Kanto
Chemical Co., Inc., Sigma-Aldrich Co., and Cambridge Isotope Laboratories, Inc.
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Scheme S1. Synthetic route of cis,cis-1a.

: _;""’_,;,"
'@' OO

cis,cis-1a (R = %’\/\soaNa)

S3



Synthesis of 9-(2,4-dimethoxyphenyl)anthracene (54) AS264

1) n-BuLi, THF, 80 °C
2) ZnCl,, THF

’a >
N OO 3) PdCIy(PhCN),, P(t-Bu)g

THF, 70 °C

9-Bromoanthracene (14.221 g, 55.307 mmol) and dry THF (200 mL) were added
to a 2-necked 500 mL glass flask filled with N,. A hexane solution (2.6 M) of
n-butyllithium (21.0 mL, 54.6 mmol) was then added dropwise to this flask at —80 °C
under N,. After the mixture was stirred at —80 °C for 2 h, a dry THF solution (100 mL)
of ZnCl, (10.630 g, 78.001 mmol) was added to the solution. The resultant mixture was
further stirred at —80 °C and then the solution was warmed to r.t. for 17 h to obtain
9-anthrylzinc chloride. 1-Bromo-24-dimethoxybenzene (8.129 g, 37.45 mmol),
PdCl1,(PhCN), (0.141 g, 0.370 mmol), and dry THF (50 mL) were added to a 100 mL
glass flask and the flask was filled with N,. A hexane solution (1.1 M) of
tri-tert-butylphosphine (0.72 mL, 0.79 mmol) was added to this flask. After stirring at
r.t. for 2 h, the mixture was added to the 500 mL flask. The resulted solution was further
stirred at 70 °C for 3 d. H,O was added to the solution and then the precipitate was
collected and washed with CHCl; and hexane to afford 9-(2,4-dimethoxy
phenyl)anthracene (Sy; 10.338 g, 32.884 mmol, 87%) as a white solid.
'H NMR (400 MHz, CDCl,, r.t.): 6 3.59 (s, 3H), 3.95 (s, 3H), 6.69-6.72 (m, 2H), 7.16
(d,J=8.0Hz,1H),7.31-7.35 (m, 2H), 7.41-7.45 (m, 2H), 7.64 (d, J = 8.8 Hz, 2H), 8.02
(d, J = 8.4 Hz, 2H), 8.46 (s, 1H). "C NMR (100 MHz, CDCl,, r.t.): § 55.5 (CH,), 55.7
(CH3), 99.1 (CH), 104.7 (CH), 119.9 (C)), 125.0 (CH), 125.1 (CH), 1264 (CH), 126.9
(CH), 128.4 (CH), 130.8 (C), 131.6 (C), 133.2 (CH), 133.7 (C)), 159.1 (C)), 160.9 (C).
FT-IR (KBr, cm™): 3050, 3014, 2933, 2836, 2360, 1610, 1508, 1306, 1209, 1157, 1121,
1043, 901, 829, 736. MALDI-TOF MS (dithranol): m/z Calcd. for C,,H,0,: 314.38,
Found 314.08 [M]*. E.A.: Calcd. for C,,H,;0,0.45CHCI;: C, 73.25; H, 5.05. Found: C,
73.20; H, 5.13.
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NAME AS264a
EXPNC 1
PROCNO 1
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NS 16
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R 114
A B DW 60.800 usec
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WD EM
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Figure S1. 'H NMR spectrum (400 MHz, CDCl,, r.t.) of 5.
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Figure S2. °C NMR spectrum (100 MHz, CDCls, r.t.) of 5y.
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Synthesis of 9-(5-bromo-2,4-dimethoxyphenyl)anthracene (5s;) AS266

O o OO
e

9-(2 4-Dimethoxyphenyl)anthracene (Sy; 8.005 g, 25.46 mmol) and THF (100
mL) were added to a 200 mL glass flask. A THF solution (50 mL) of
1,3-dibromo-5,5-dimethylhydantoin (DBH; 3.626 g, 12.68 mmol) was added to the
solution at 0 °C and the resultant mixture was stirred at r.t. for 1 d. H,O was added into
the mixture. The precipitate was collected and washed with H,O and CH,OH to afford
9-(5-bromo-2 4-dimethoxyphenyl)anthracene (Sg,; 6.130 g, 15.59 mmol, 61%) as a
white solid.
'H NMR (400 MHz, CDCl,, r.t.): §3.61 (s, 3H), 4.06 (s, 3H), 6.73 (s, 1H), 7.34-7.38 (m,
2H), 7.43-7.46 (m, 3H), 7.61 (d, 2H,J = 8.8 Hz), 8.03 (d, 2H, J = 8.8 Hz), 8.48 (s, 1H).
“C NMR (100 MHz, CDCL,, r.t.): 8 56.2 (CH,), 56.5 (CH;), 97.3 (CH), 102.3 (C,),
121.1 (C), 125.1 (CH), 125.5 (CH), 126.5 (CH), 126.9 (CH), 128.5 (CH), 130.7 (C,),
131.5 (C,), 132.0 (C,), 136.3 (CH), 156.7 (C,), 158.5 (C,). FT-IR (KBr, cm™): 3055,
2999, 2962, 2940, 2842, 2359, 1598, 1504, 1350, 1292, 1208, 1033, 889, 738, 526.
MALDI-TOF MS (dithranol): m/z Calcd. for C,,H;;O,Br: 392.04, Found 391.82 [M]".
HR MS (ESI): Calcd. For C,,H,,BrO, 392.0406, Found 392.0405 [M]".
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Figure S3. 'H NMR spectrum (400 MHz, CDCl,, r.t.) of S,.
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Figure S4. °C NMR spectrum (100 MHz, CDCls, r.t.) of 55,.
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Synthesis of 5gpin AS247

d b b b
O ‘ 1) n-BuLi, THF, -80 °C O ‘
Br > O-p
O 2) B(OCHa) >§V6 O
O 3) pinacol, CH;COOH O

9-(5-Bromo-2 4-dimethoxyphenyl)anthracene (Sg,; 6.004 g, 15.27 mmol) and
dry THF (400 mL) were added to a 500 mL glass flask. A hexane solution (2.6 M) of
n-butyllithium (5.9 mL, 15 mmol) was added dropwise to this flask at —78 °C under N,.

The reaction mixture was stirred at —78 °C for 2 h and then trimethoxyborane (2.4 mL,
21 mmol) was slowly added to the mixture at same temperature. When the reaction
mixture was warmed to r.t. for 1 d, pinacol (3.623 g, 30.66 mmol) and acetic acid (7.0
mL, 0.12 mol) were added to the reaction mixture and then the resultant mixture was
stirred for 13 h at r.t. After the evaporation of the solvents, the crude product was
washed with water, methanol, and hexane to afford Sg;, (4.961 g, 11.27 mmol, 74%) as
a white solid.

'H NMR (400 MHz, CDCl,, r.t.): 6 1.30 (s, 12H), 3.63 (s, 3H), 4.00 (s, 3H), 6.66 (s, 1H),
7.30-7.34 (m, 2H), 7.41-7.44 (m, 2H), 7.55 (s, 1H), 7.63 (d, J = 8.8 Hz, 2H), 8.02 (d, J
= 8.4 Hz, 2H), 8.45 (s, 1H). "C NMR (100 MHz, CDCl,, r.t.): 6 24.8 (CH;), 55.7 (CH,),
56.3 (CH,), 83.2 (C), 954 (CH), 119.1 (C), 1249 (CH), 125.0 (CH), 126.3 (CH),
127.1 (CH), 128.3 (CH), 130.9 (C)), 131.5 (C)), 133.8 (C,), 141.0 (CH), 161.7 (C),
166.3 (C,). FT-IR (KBr, cm™): 2978, 2359, 1602, 1574, 1397, 1352, 1335, 1306, 1255,
1207, 1146, 1132, 1032, 862, 740. MALDI-TOF MS (dithranol): m/z Calcd. for
C,H,,0,B: 440.22, Found 43998 [M]". HR MS (ESI): Calcd. For C,H,,BO,Na
463.2056, Found 463.2058 [M+Na]".
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Figure S5. 'H NMR spectrum (400 MHz, CDCl,, r.t.) of Sspin-
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Figure S6. °C NMR spectrum (100 MHz, CDCl,, r.t.) of Sgyi.
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Synthesis of anthracene tetramer 1b AS250

Pd(PPha), KoPO.,
Br ‘ O Br DMF, 90 °C

1,5-Di(10-bromoanthracen-9-yl)-2 4-dimethoxybenzene (0.735 g, 1.13 mmol),
Sppin (2.001 g, 4.543 mmol), K;PO,(2.414 g, 11.37 mmol), and dry DMF (80 mL) were
added to a 2-necked 200 mL glass flask filled with N,. The DMF solution (40 mL) of
Pd(PPh,), (0.276 g, 0.239 mmol) was added to the 200 mL flask and then the reaction
mixture was stirred at 90 °C for 2 d. After water was added to the reaction mixture, the
precipitate was collected by filtration. The residue was washed with CH,OH, THF, and
hexane to afford anthracene tetramer 1b (0.701 g, 0.628 mmol, 55%) as a white solid.
Product 1b was characterized only by MALDI-TOF MS analysis due to the low
solubility in various organic solvents.
MALDI-TOF MS (dithranol): m/z Calcd. for C4HsO4: 1114.42, Found 1114.98 [M]".
FT-IR (KBr, cm™): 3058, 2937, 2838, 2360, 1604, 1504, 1463, 1350, 1267, 1205, 1160,
1097, 1033, 770, 736.
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Data: AS268-3-dith-1-10-0001.A11[c] 12 Dec 2013 10:51 Cal: akita-yoshizawa-ref 12 Dec 2013 10:51
Shimadzu Biotech Axima CFRplus 2.9.3.20110624: Mode Reflectron, Power: 80, P.Ext. @ 1114 (bin 83)

%int. 616 mV[sum= 64714 mV] Profiles 1-105 Smooth Av 3

1114.98
dithranol

| OO
O Qo ©
Seld S

Calcd. 1114.42 [M]*
Found 1114.98
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Figure S7. MALDI-TOF MS spectrum (dithranol) of 1b.

Synthesis of anthracene tetramer 1c (isomeric mixture) AS339

BBrj

Anthracene tetramer 1b (1.007 g, 0.9031 mmol) and dry CH,Cl, (200 mL) were
added to a 300 mL glass flask. A CH,Cl, solution (1.0 M) of BBr; (28.0 mL, 28.0
mmol) was added dropwise to this flask under N,. The reaction mixture was stirred at
45 °C for 2 d. The reaction was quenched with H,O (ca. 50 mL). The product was
extracted with CH,Cl, and the resultant organic layer was dried over MgSQO,, filtered,
and concentrated. The crude product was washed with acetone and hexane to afford an
isomeric mixture of anthracene tetramer 1lc¢ (0.821 g, 0.796 mmol, 88%) as a pale
yellow solid. "H NMR spectrum of the products revealed that the presence of cis,cis-1c,
cis,trans-1c¢, and trans,trans-1c is a 1:2:2 ratio.

'H NMR (500 MHz, CDCl,, r.t.): §4.67-5.01 (m, 6H), 6.97,7.02 and 7.18 (s, 2H), 7.00,
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7.04 and 7.05 (s, 1H), 7.12, 7.24, 7.27 and 7.33 (s, 2H), 7.13, 7.23 and 7.27 (s, 1H),
7.44-7.57 (m, 16H), 7.93-8.10 (m, 16H), 8.48, 8.53, 8.55 and 8.57 (s, 2H).

C NMR (125 MHz, CDCl,, r.t.): & 103.0(C)), 103.1(C), 103.2 (C)), 116.7 (C,x 2),
116.8 (C), 116.9 (C,x 2),117.0 (C,x 2), 125.3 (CH), 125.5 (CH x 2), 126.0 (CH x 2),
126.5 (CH x 3), 126.6 (CH x 2), 126.7 (CH), 128.1 (CH), 128.2 (CH), 128.7 (CH),
128.8 (CH), 129.0 (C,x 2),129.1 (C,)), 130.8 (C)), 131.0 (C,x 2), 131.1 (C)), 131.2 (C)),
131.3 (C,x 3), 131.6 (C,x 3), 131.7 (C), 1354 (C), 1355 (C)), 155.2 (C,x 3), 155.3
(C,x 3), 1554 (C,). FT-IR (KBr, cm™): 3060, 2360, 1622, 1502, 1441, 1356, 1267,
1222, 1166, 1083, 885, 848, 772, 738, 609. MALDI-TOF MS (dithranol): m/z Calcd. for
C,,H,O4: 103033, Found 1030.21 [M]". HR MS (ESI): Calcd. for C,,H,OK
1069.2926, Found 1069.2926 [M+K]".

NAME AS339¢
EXPNO 2
PROCNO 1
Date_ 201 40604
Time 18.1
INSTRU
PROBHD 5mm CPPBBO BB
PULPROG 2g30
) 536
SOLVENT CDCI3
NS 16
a DS 4

Cf ct SwH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2768500 sec
RG 36.82
DW 50 000 usec
DE 10.00 usec
TE 297 0K

T t D1 1. 00000000 sec
8. 55 DO
SFO1 500 1323506 M H
NUC1
g; 12 00 usec
Sk 500.13001 44 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB Q
PC 1.00
" I
m g
—_— CC: cis,Cis
tt: trans,trans
ct: cis,trans Jﬂ
| AN

Figure S8. 'H NMR (500 MHz, CDCl,, r.t.) spectrum of 1¢ (isomeric mixture).
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Figure S9. °C NMR (125 MHz, CDCl,, r.t.) spectrum of 1¢ (isomeric mixture).

c,d,irj
( b’%:;';;,k” (c4dsi)
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Figure S10.
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'H-'H COSY (500 MHz, CDCls, r.t.) spectrum of 1¢ (isomeric mixture).
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NAME AS339¢c HSQC2
EXPNO 1

PROCNO 1

Date 20140604

Time 19.12

INSTRUM spect
PROBHD 5 mm PABBO BB-
_JEgLPROG hsqz:etgpsiZ

1
SOLVENT CDCI3
NS 2

DS 16

SWH 4000.000 Hz

FIDRES 3.906250 Hz
AQ 0.1280500 sec

RG 203

DwW 125.000 usec

6.50 usec

TE 300.2 K
CNST2  145.0000000
DO 0.00000300 sec
D1 1.50000000 sec
D4 0.00172414 sec
D11 0.03000000 sec
D18 0.00020000 sec
D24 0.00086207 sec

iNO 0.00002480 sec
ZGOPTNS

mmmmammms CHANNEL 1 semmmams
SFO1 400.1318806 MHz
NUC1 1H

P1 15.00 usec

P2 30.00 usec

P28 1000.00 usec
ND 2

TD

SFO1 100.6228 MHz
FIDRES 78.755043 Hz
SW 200.365 ppm

FnMODE  Echo-Antiecho
| 1024

SF 400.1300082 MHz

WDW

D! QSINE
$8B
L8 0.00 Hz
GB 0
PC 1.40
Sl 1024
MC2 echo-antiecho
SF 100.6127603 MHz
wDW QSINE
SSB 2
L8 0.00 Hz
GB 0

Figure S11a. HSQC (400 MHz, CDCls;, r.t.) spectrum of 1¢ (isomeric mixture).
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NAME  AS339c HSQC2
EXPNO 1

PROCNO 1
Date, 20140604
Time 19.12
INSTRUM

spect
PROBHD 5 mm PABBO BB-
PULPROG  hsqcetgpsi2

1D 1024
SOLVENT CDCI3
NS 2

D

SWH 4000.000 Hz
FIDRES 3.906250 Hz
AQ 0.1280500 sec
RG 203

DwW 125.000 usec
DE 6.50 usec
TE 300.2 K
CNST2  145.0000000
DO 0.00000300 sec
D1 1.50000000 sec
D4 0.00172414 sec

D11 0.03000000 sec
D16 0.00020000 sec
D24 0.00086207 sec

iNO 0.00002480 sec
ZGOPTNS

smmmamas CHANNEL {1 sssmmme=
SFO1 400.1318806 MHz
NUC1 1H

P1 15.00 usec

P2 30.00 usec

P28 1000.00 usec
NDO 2

10 256

SFO1 100.6228 MHz
FIDRES 78.755043 Hz

Sw 200.365 ppm
FnMODE  Echo-Antiecho

1024
SF 400.1300082 MHz
DwW QSINE

B 2
L8 0.00 Hz
GB 0
PC 1.40
Sl 1024

MC2 echo-antiecho
SF 100.6127603 MHz

WDW QSINE
SSB 2

L8 0.00 Hz
GB 0

Figure S11b. HSQC (400 MHz, CDCl;, r.t.) spectrum of 1¢ (isomeric mixture).
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BBrj
—>
CH,CH,, 45 °C

Anthracene tetramer 1b (0.701 g, 0.628 mmol) and dry CH,Cl, (30 mL) were
added to a 200 mL glass flask. A CH,Cl, solution (1.0 M) of BBr; (19.0 mL, 19.0
mmol) was added dropwise to this flask at O °C under N,. The reaction mixture was
stirred at 45 °C for 1 d. The reaction was quenched with H,O (40 mL). The product was
extracted with CH,Cl, and the resultant organic layer was dried over MgSQO,, filtered,
and concentrated. The crude product was washed with CH;OH and hexane to afford a
pure frans-trans isomer of anthracene tetramer 1c (0.352 g, 0.341 mmol, 54%) as a pale
yellow solid.
'H NMR (400 MHz, DMSO-dj, .t.): §6.88-6.95 (m, 6H), 7.50 (br, 16H), 7.96 (br, 12H),
8.10 (br, 4H), 8.58 (s, 2H), 9.32 (s, 2H), 9.37 (s, 2H), 9.43 (s, 2H). "C NMR (100 MHz,
DMSO-dy, r.t.): 6103.1 (CH x 2), 115.4 (C)), 115.7 (C)), 115.8 (C)), 124.8 (CH), 125.0
(CH), 125.2 (C)), 125.7 (CH), 126.6 (C,), 126.8 (CH), 128.2 (CH), 130.2 (C,), 130.3
(C), 131.1 (C)), 133.4 (C), 134.0 (C), 135.6 (CH x 2), 156.1 (C)), 156.2 (C,), 156.3
(C,). MALDI-TOF MS (dithranol): m/z Calcd. for C;,H,Og: 1030.33, Found 1029.99
M]".
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PR B BN N OB
NAME AS2690
EXPNO i
PROCNO 1
Date_ 20131212
Time 19.05

INSTRUM spect
PROBHD 6 mm PABBO BB-
PULPROG 2930

3

™ 65536
SOLVENT DMSO
NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 144

pw 60.800 usec
DE 6.50 usec
TE 289.6 K

D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ===
NUCt 1H

P1 15.00 usec
PL1 -0.40 dB

PLIW 1277962112 W
SFO1 400.1324710 MHz

32768
SF 400.1300038 MH2
EM
LB 0. 3% H:

.30 Hz

cg, I,m E(B: [
1.00

b,e,h,k

f.g,,m

4.802
4.761
4.748

|
%

NAME A8252d
NO 1

EXP

PROCNC 1

Date_ 20140607

Time 17.41
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2g30

D 65536
SOLVENT CDCI3

NS 16

DS 2

SwH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4‘0819641966 sec
DWW 62.400 usec

DE 6.50 usec

TE 300.6 K

D1 1.00000000 sec
TDO 1

=== == CHANNEL i ========
SFO1 400.1324710 MHz
NUC1 1H

P 15.00 usec

S 65536

SF 400.1300098 MHz
WDW EM

SsB 0

LB 0.30 Hz

GB 0

PC 1.00

C,d,irj
behk \g

T T
10 9 8 7 6 5 4 3 2 1 ppm

Figure S13. '"H NMR spectrum (400 MHz, CDCl;, r.t.) of trans,trans-1c.
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NAME AS269b 13C
PNO 1

T T
136 134

T T
132 130

T
128

ppm
CyCyCyq c
~q g,
T T 3 T T T T T 1
170 160 150 140 130 110 100 80 60 40 ppm

EX|
PROCNO 1
Date 20131212
Time 20.00
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gp
T
SOLVENT DMSO
NS 852
DS
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 81
DW 20.800 usec
DE 6.50 usec
TE 3022 K
D1 2.00000000 sec
D11 0.03000000 sec
T 1

U
Ll 10.00 usec
PL1 .00 dB

PLIW 5772554016 W

SFO1

100.6228298 MHz

PLI3W 0.40412706 W
SFO2 400.1316005 MHz
8t 32768

SF 100.6128255 MHz
WD! EM

888 Y

LB 3.00 Hz

GB 0

PC 140

Figure S14. °C NMR spectrum (100 MHz, DMSO-d,, r.t.) of trans,trans-1c.

b,e,h,k c,g,l,m

NAMEO AS269b HH-COSY
1

OH f.g,l,m

ppm

f.g,l,m

c,g,l,m

b,e,h,k

OH

&

7.0

7.5

8.0

8.5

9.0

9.5

T
9.5

9.0

7.5

7.0

ppm

PROCNO 1
Date 20131212
Time 2146
INSTRUM spect

PROBHD 6 mm PABBO BB
PULPROG  cosygpql

0 2048
SOLVENT DMSO
NS 6

DS 8
SwWH 5341.880 Hz
FIDRES 2.608340 Hz
AQ 0.1917428 sec
RG 203
pwW 93.600 usec
BE 6.50 usec
TE 298.4 K
Do 0.00000300 sec
Dt 1.48689198 sec
D13 0.00000400 sec
D18 0.00020000 sec
INO 0.00018720 sec
CHANNEL f1
NUC1 1H
PO 15.00 usec
Pt 15.00 usec
PL1 ~0.40 dB
PL1W 1277962112 W
SFO1 400.1324057 MHz
=mmmmx GRADIENT CHANNEL
SINE.100
GPZ1 10.00 %
Pi6 1000.00 usec
NDO 1
T 128
SFOt 400.1324 MHz
FIDRES 41.733440 Hz
13.350 ppm
FnMODE QF
St 1024
SF 400.1300032 MH2
WDW SINE
§8B 0
LB 0.00 Hz
GB
PC 1.40
Si 1024
Mc2 QF
SF 400.1300028 MHz
wDwW SINE
SSB 0
LB 0.00 Hz
GB 0

Figure S15. 'H-'H COSY spectrum (400 MHz, DMSO-d,, r.t.) of trans,trans-1c.
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NAME  ASZ60b HSQC
b.e h k c,g,l,m PROCNG 1
1 Cslly Dale_ 20131212

Time 2212
INSTRUM spact
PROBHD 5 mm PABBO BB-
PULPROG  hsqeetgpsiz
D 1024

f;g; I:m SOLVENT DMSO
OH NS 4
DS 6
SWH 5330490 Hz
FIDRES  5.205657 Hz
ppm AQ 00961012 s6c
RG 203
bW 93.800 usec
DE 650 usec
TE 298.2 K
CNST2  145,0000000
100 DO 000000300 sec
01 1.50000000 sec
D4 000172414 se
DI 0.03000000 sec
D13 00000400 s
D16 000020000 sec
D24 0.00086207 sec
INO__ 0.00003000 sec
ZGOPTNS
110 - CHANNEL {1 -
15.00 usec
30.00 usec
0.00 usec
PL1 ~0.40 8
PLIW 1277862112 W
SFO1  400.1324057 MHz
-120 .c
CPDPRG2
NUCZ
Pa
P4
PCPDZ
P2 u
PL1Z 16.06 4B
PLeW 5772554016 W
~130 PL12W 090233552 W
SFOR  100.6203124 Mz
= = GRADIENT CHANNEL =====
GPNAMI  SINE.100
GPNAM2Z  SINE.100
GPNAM3 SINE. 100
GPNAMS  SINE.100
GPZ1 £0.00 %
140 GPzZ2 2010%
GPZ3 11.00%
GPZ4 -5.00 %
P16 1000.00 usec
P13 600,00 usec
NDO 2
T 256
sFot 100.6203 MHz
FIDRES  65.108421 Hz
=150 W 165,550 ppm
FrdODE  Echo-Antischo
st 1024
SF - 400.1300012 MHz
wow QSINE
$58 2
L8 ©.00Hz
GB [
PC 1.40
- 160 sf 1024
MC2  echo-antiecho
SF 1006128338 MHz
wow QSINE
e 0.00 H
it
T I 1 T T f jr Py
9.5 9.0 8.5 8.0 75 7.0 ppm

Figure 16a. HSQC spectrum (400 MHz, DMSO-dq, r.t.) of trans,trans-1c.

.
b,e’h,k c,g,,m PROCNO

1
Datle, 20131212
12

A8263b HSQC
1

Time 22

INSTRUM spact
PROBHD 5 mm PABBO BB-
PULPROG  hsqeetgpsi2

T 1024

f,g,l,m

SOLVENT DMSO
NS a

DS 16
SWH 5330.480 Hz
FIDRES 5205557 Hz
ppm AQ 0.0961012 sec
RG 203
. bW 93.800 usec
H DE 650 usee
H TE 2982 K
. CNST2 145.,0000000
H 124 DO 000000300 sec
H 01 1.50000000 sec
. D4 172414
H D11 ©.03000000 sec
H D13 0.00000400 sec
H D16 ©.00020000 sec
: D24 000086207 sec
H INO 0000030
: 126 ZGOPTNS
: L1 040 4B
H PLIW 1277962112
H 128 SFO1 400.1324057 MH2
H CHANNEL 12
H arp
H 1o
: 10.00 usec
H 20.00 usec
H 80.00 usec
: L 130 0048
H 16.06 dB.
: 2N 57.72554016 W
H PLI2W  0.90233552 W
: SFO2  100.6203124 Mz
: ====== GRADIENT CHANNEL =
H GPNAMY  $INE.100
H GPNAMZ NE. 1
H 132 GPNAM3  SINE.100
H GPNAMS  SINE.100
: PZi 0.0
: GPZ2 2010%
B GPZ3 11.00%
H GPZ4 5.
H P16 000.00 usec
H Pig 500,00 usac
H NDO 2
: 134 T 255
H sfFot 100.6203 MHz
: FIDRES  65.108421 Hz
H SW 65,550 ppr
FaMODE  Echo-Anliecho
i 1024
SF - 400.1300012 MHz
WoW GSINE
136 §S8 2
8 000Hz
GB o
PC
s 1024
MC2  echo-antiecho
SF 100.6128338 MHz
wow QSINE
2
T T T T T T 138 8 0.00Hz
GB o
9.5 9.0 8.5 8.0 75 7.0 ppm

Figure 16b. HSQC spectrum (400 MHz, DMSO-d,, r.t.) of trans,trans-1c.

S18



Synthesis of anthracene tetramer cis,cis-1c AS349, 350

isomeric mixture of 1¢ cis,cis-1¢

An isomeric mixture of anthracene tetramer 1c (0.102 g, 98.5 umol), NaOH

(0.298 g, 7.45 mmol), and degassed H,O (15 mL) were added to a 2-necked 50 mL
glass flask filled with N,. The resultant mixture was stirred at 70 °C for 1 d. "H NMR
analysis of the aliquot revealed that the thermodynamic equilibrium ratio of cis,cis-1c,
cistrans-1c¢, and trans,trans-1c¢ is 1:0:0. The aqueous solution was neutralized with
HClagq. (ca. 2 mL) and then the products were extracted by CHCl,. The resultant organic
layer was dried over MgSO,, filtered, and concentrated. The crude product was washed
with hexane to afford a pure cis,cis isomer of anthracene tetramer 1c¢ (89 mg, 86 wmol,
87%) as a gray solid.
'H NMR (400 MHz, CDCl,, r.t.): 4.75 (s, 2H), 4.92 (s, 2H), 4.96 (s, 2H), 7.01 (s, 2H),
7.05 (s, 1H),7.11 (s, 2H), 7.13 (s, 1H), 7.42-7.53 (m, 16H), 7.92-8.05 (m, 16H), 8.48 (s,
2H). "C NMR (125 MHz, CDCl,, r.t.):  103.2(CH), 103.4(CH), 116.9 (C,), 117.1 (C,x
2),125.6 (CH), 126.1 (CH), 126.6 (CH x 2), 126.7 (CH), 126 .8 (C,), 128.2 (CH), 128.8
(CH), 129.1 (C)), 131.1 (C), 131.3 (C)), 131.4 (C,x 2), 131.7 (C,), 135.6 (CH), 135.7
(CH), 155.3 (C)), 1554 (C)), 155.5 (C).
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NAME A8372a
1

EXPNO
PROCNO 1
Date_ 20140723
Time 17.56
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 236
0 65536
SOLVENT CDCI3
NS 16
2
SwH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 144
bW £2.400 usec
DE 6.50 usec
TE 3033 K
D1 1.00000000 sec
DO 1
== CHANNEL {1 ========
400.1324710 MHz
tH
15.00 usec
65536
SF 400.1300116 MHz
WDW EM
8SB 0
LB 0.30Hz
GB 0
PC 1.00

~
(5]
n

Figure S17. '"H NMR (400 MHz, CDCl,, r.t.) spectrum of cis,cis-1c.
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NAME AS372a 13C
O 1
1
Date 20140723
Time 2183

spect
PROBHD 5 mm CPPBBO BB
PULPROG 2gpg30

0 65!
SOLVENT ChCI3
N: 2053

S

4
SWH 27573529 Hz.
FIDRES 0.420739 Hz
AQ 1.1884362 sec
RG 191.56
DW 18.138 usec
DE 18.00 usec
TE 298.0 K
D1 2.60000000 sec
D11 0.03000000 sec
DO 1

10.00 usec

T T
130 129

32768
125.7577704 MHz
EM
0
1.00 Hz

0
140

Cox3
g C,x3 £l
gm
o A .[ . 1" W R ' s
T T T T T T ¥ T T T 1
155 150 145 140 135 130 125 120 115 110 105 ppm

Figure S18. °C NMR (125 MHz, CDCls, r.t.) spectrum of cis,cis-1c.
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NAME  AS372a HHCOSY
EXPNO 1

PROCNO 1
Date_ 20140724
Time 13.47
ppm INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG cosygpgf
TD 2048
S(s')LVENT cpei3
N 4
SWH 5341.880 Hz
FIDRES 2.608340 Hz
AQ 0.1917428 sec
-7.2 RG 203
Dw 93.600 usec
DE 6.50 usec
TE 304.5 K
Do 0.00000300 sec
7.4 D1 1.48689198 sec
D13 0.00000400 sec
D16 0.00020000 sec
INO 0.00018720 sec
7.6 ======== CHANNEL {1 —=======
SFO1 400.1324057 MHz
NUGCH1 H
PO 15.00 usec
7.8 P1 15.00 usec
NDO 1
0 128
SFO1 400.1324 MHz
8.0 FIDRES  41.733440 Hz
- Sw 13.350 ppm
FnMODE F
Sl 1024
SF 400.1300087 MHz
8.2 WDW SINE
$SB 0
LB 0.00 Hz
GCB 0
P! 1.40
8.4 s 1024
QF
SF 400.1300086 MHz
w SIN
- B 0
8.6 LB 0.00 Hz
GB 4]
T T T T T T T T T 8.8
8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 ppm

Figure S19. 'H-'H COSY spectrum (400 MHz, CDCls, r.t.) of cis,cis-1c.

NAME AS372a HSQC
PNOC 2

EX|
PROCNC 1
Date _ 20140724
c,d,i,j New P8
5,1, spect
b,e,h,k g f PROBHD_ 5 mm PABBO BB~
— PULPROG  hsqcetgpsi2
ggLVENT 1024<:DC|3
ppm NS 4
DS 16
SWH 4000.000 Hz
FIDRES  3.806250 Hz
£1—3 AQ 0.1280500 sec
RG 203
105 DW 125.000 usec
DE 6.50 usec
TE 304.9 K
CNST2  145.0000000
Do 0.00000300 sec
k110 D1 150000000 sec
D4 0.00172414 sec
D11 0,03000000 sec
D16 0.00020000 sec
D24 0.00086207 sec
L 11 INO 0.00002480 sec
5 ZGOPTNS
Cy— mmmmmmms CHANNEL 1w
SFQ1  400.1318806 MHz
NUCH 1H
=120 P1 16.00 usec
P2 30,00 usec
Ej%a 1000.00 usec
c,d,i,j T 256
L 125 SEO1 100.6228 MHz
. FIDRES  78.755043 Hz
SwW 200.365 ppm
c/ FAMODE  Echo-Antiecho
b,e,h,k 98— Sl 1024
SF 400.1300088 MHz
130 ngDBW QZSINE
Cq [ —_— : LB 0.00 Hz
: GB 0
PC 1.40
- Sl 1024
e 0 T | 135 MC2  echo-antiecho
SF 100.6127567 MHz
WDW QSINE
SSB 2
L8 0.00 Hz
T T T T T T T T GB 0

8.6 8.4 8.2 8.0 7.8 7.6 74 7.2 7.0 ppm

Figure S20. HSQC spectrum (400 MHz, CDCl;, r.t.) of cis,cis-1c.
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Table S1. Crystal data and structure refinement for cis,cis-1c.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.03°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

AS257

C78 H40 O11

1153.10

90 K

0.71073 A

Monoclinic

P21/c

a=17323(3) A a=90°
b=22428(4) A B =95051(3)°
c=15591(3) A y=90°
6033.8(17) A’

4

1.269 Mg/m’

0.085 mm™'

2384

0.35x0.14 x 0.09 mm’

1.489 to 20.469°.
-17<h<16, 22<k<19, -15<1< 15
18523

5991 [R(int) = 0.0926]

99.6 %

Empirical

0.971 and 0.992

Full-matrix least-squares on F*
5991 /1371 /802

0.945

R, =0.0806, wR, =0.2219

R, =0.1437, wR, = 0.2691
0.613 and —0.649 e.A™

The supplementary crystallographic data (CCDC 985689) can be obtained free of
charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.

ac.uk/data_request/cif.
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(b)

16.5 A

Figure S22. CPK representation of the crystal structure of cis,cis-1c.

c,d,i,j
behk (c\d.itj
(b'e’h'k")

f.g,,m

Figure S23. 'H NMR spectra (400 MHz, r.t.) of 1¢ (isomeric mixture) in (a) CDCl; and (b)
NaOD/D,0 after heating at 70 °C for 1 d.
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Synthesis of anthracene tetramer cis,cis-1a AS257

An isomeric mixture of 1¢ (0.151 g, 0.146 mmol), NaOH (0.318 g, 7.95 mmol),
and H,0O (15 mL) were added to a 2-necked 50 mL glass flask filled with N,. The

resultant mixture was stirred at 70 °C for 21 h. A THF solution (20 mL) of
1,3-propanesultone (0.554 g, 4.53 mmol) was added to the reaction mixture and then the

solution was further stirred at 70 °C for 2 d. After the evaporation of the resultant

solution, the crude product was dissolved in water (1.0 mL). When 1-propanol (10 mL)

was added to the aqueous solution, yellow precipitate was generated. The precipitate

was collected by centrifugation and dried under vacuum and then pure cis,cis-1a (0.232

g,0.122 mmol, 84%) was obtained as a yellow solid.""’

'H NMR (400 MHz, CD;0D, r.t.): 6 1.83-1.87 (m, 4H), 2.01-2.06 (m, 8H), 2.28-2.31

(m, 4H), 2.61-2.66 (m, 8H), 4.18 (t, 4H, J = 6.0 Hz), 4.26-4.31 (m, 8H), 6.93 (s, 2H),
6.96 (s, 1H), 7.22 (s,2H), 7.28 (s, 1H), 7.34-7.44 (m, 16H), 7.81-7.96 (m, 16H), 8.37 (s,
2H). PC NMR (125 MHz, CD,0OD, r.t.): & 259 (CH,), 260 (CH,), 26.1 (CH,),
49.1-49.7 (CH, x 3), 68.4 (CH,), 68.5 (CH,), 68.6 (CH,), 99.8 (CH x 2), 120.6 (C),
121.0 (C), 121.2 (C)), 126.0 (CH x 4), 126.3 (C,), 127.3 (CH), 127.7 (CH), 128.0 (CH),
128.1 (CH), 1294 (CH), 131.8 (C, x 2),132.0 (C)), 1329 (C), 134.5 (C)), 134.6 (C, x

2),137.5 (CH x 2), 159.4 (C,), 159.5 (C,). 'HDOSY NMR (400 MHz, CD,0OD, 1.0 mM,
300K): D=6.17 x 10" m* s™". FT-IR (KBr, cm™"): 3087, 2974, 2947, 2887, 2359, 1631,
1503, 1470, 1441, 1350, 1193, 1046, 737, 608, 528. ESI-TOF MS (CH,OH): m/z 450.7
[M—4Na*]*, 608.7 [M-3Na']*, 924.5 [M—2Na*]*.
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DS

SWH
FIDRES
AQ

NAME AS278¢
EXPNO 1

PROCNO 1

Date_ 20140122

Time 20.29

INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930

TD 65536
SOLVENT MeOD
NS 32

2
8223.685 Hz
0.125483 Hz
3.9846387 sec

203
60.800 usec
6.50 usec

300.1 K
1.00000000 sec
1

= GHANNEL f1 ==
400.13&'4710 MHz
1 15.00 usec
SI 32768
SF 400.1300078 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
AD,G CFEl BEH
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
Figure S24. 'H NMR spectrum (400 MHz, CD;0D, r.t.) of cis,cis-1a.
NAME AS297b
EXPNO
PROCN 1
Date 20140222
Time 16.00

T
128

T T T T T T T
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Figure S25. °C NMR spectrum (125 MHz, CD,0D, r.t.) of cis,cis-1a.
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NAME  AS297a HHCOSY
EXPNO 2
PROCNO 1
Date_ 20140222
Time 17.04
INSTRUM spect
PROBHD 5 mm CPPBBO BB
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TD 048
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DS 16

SWH 6684.492 Hz
FIDRES 3.263912 Hz
AQ 0.1532404 sec
RG 191.56

Dw 74.800 usec
DE 10.00 usec
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DO 0.00000300 sec
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D16 0.00020000 sec
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1H
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Figure S26. 'H-'H COSY spectrum (500 MHz, CD,0D, r.t.) of cis,cis-1a.
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NAME  AS297a HSQC 400
EXPNO 1

N
PROCNO 1
Date_ 20140222
Time 20.41
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PROBHD 5 mm PABBO BB-
?gLPROG hsqcetgpsi2
SOLVENT MeOD
NS 4
D 16
SWH 5330.490 Hz
FIDRES 5.205557 Hz
AQ 0.0961012 sec
RG 203
Dw 93.800 usec
DE 6.50 usec
TE 299.7 K
CNST2 145.0000000
DO 0.00000300 sec
D1 1.50000000 sec
D4 0.00172414 sec
D11 0.03000000 sec
D16 0.00020000 sec
D24 0.00086207 sec
INO 0.00003000 sec
ZGOPTNS
CHANNEL f1

SFO1 400.1324057 MHz
NUI 1H
P1 15.00 usec
P2 30.00 usec
P28 1000.00 usec
NDO 2
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SFO1 100.6203 MHz
FIDRES 65.104164 Hz

W 165.639 ppm

FnMODE  Echo-Antiecho

024

1
400.1300048 MHz
QSINE

2
0.00 Hz
0

1.40
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100.6126503 MHz
QSINE

2
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Figure S27a. HSQC spectrum (400 MHz, CD;0D, r.t.) of cis,cis-1a.
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NAME  AS297a HSQC 400
EXPNO 1

c,d,ij PROCNO 1
Date . 20140222
Time 20.41

INSTRUM spect
PROBHD 5 mm PABBO BB-
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e
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FI(I)DRES 5.205557 Hz
Al 0.0961012 sec
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122 TE 299.7 K
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DO 0.00000300 sec
D1 1.50000000 sec
L 124 D4 0.00172414 sec
D11 0.03000000 sec
D16 0.00020000 sec
D24 0.00086207 sec
126 INO 0.00003000 sec
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======== CHANNEL f{ ========
128 SFO1  400.1324057 MHz
NUC1 1H
P1 15.00 usec
130 ;gs {06000 e
= .00 usec
NDO 2
TD 256
SFO1 100.6203 MHz
~132 FIDRES 65.104164 Hz
165.639 ppm
FnMODE  Echo-Antiecho
SI 1024
134 SF 400.1300048 MHz
WDW QSINE
SSB 2
LB 0.00 Hz
136 GB 0
PC 1.40
S| 1024
MC2 echo-antiecho
138 SF 100.6126503 MHz
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SSB 2
LB 0.00 Hz
T T T T T T T T T T 140 GB 0
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Figure S27b. HSQC spectrum (400 MHz, CD;0D, r.t.) of cis,cis-1a.
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Figure S28. ESI-TOF MS spectrum (CH;0H) of cis,cis-1a.
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Formation of molecular capsule 2 AS258

H,0

'e
el

Compound cis,cis-1a (19.1 mg, 10.1 wmol) was dissolved in water (1.0 mL) and

cis,cis-1a

R= '0(CH2)3SO3_'N3+

then the solution was stirred at r.t. for 1 min. The formation of molecular capsule 2 was

confirmed by NMR, ESI-TOF MS, DLS, and AFM analyses.
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Figure S29. ESI-TOF MS spectrum (H,O) of capsule 2.
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Figure S30. 'H NMR spectra (400 MHz, r.t., TMS as an external standard) of cis,cis-1a (1 mM)
in (a) CD;0D, (b) CD;0OD/D,0O = 4:6 (v/v), and (c) D,0O.
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Figure S31. (a) AFM image of capsule 2 on mica and (b) the height profile of selected features
of 2. (¢) Size and number (N) distribution of the AFM image of 2.
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Figure S32. Particle size distribution of capsule 2 by DLS analysis (H,O, r.t., 1.0-10.0 mM
based on cis,cis-1a).
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Figure S33. (a) UV-vis spectra and (b) fluorescence spectra (A., = 370 nm, r.t.) of cis,cis-1a in
CH;0H and capsule 2 in H,O (1.0 mM based on cis,cis-1a). Absolute fluorescence quantum
yields are given in brackets.

Preparation of 2:(3a), AS390, 565
‘N\» 0
+ —> 2-(3a),
Hzo, r.t.
2 3a

An excess amount of 1-acetyladamantane (3a; 1.3 mg, 7.0 umol) was added to a
H-O solution (0.7 mL) of capsule 2 (1.3 mg, 0.70 umol based on cis,cis-1a) in a test
tube. The suspended mixture was stirred at r.t. for 1 h. The resultant solution was
centrifuged and filtered by a membrane filter (0.20 um) to give a solution of 2¢(3a),.
The formation of 2¢(3a), was confirmed by 'H NMR, DOSY NMR, and fluorescence

analyses.
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Figure S34a. 'H NMR spectra (400 MHz, D,0, r.t.) of (a) 2¢(3a), and (b) 1-acetyladamantane
(3a). The gray circles and squares indicate the aromatic moieties and hydrophilic chains of 2,
respectively.
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Figure S34b. DOSY NMR spectrum (400 MHz, D,0O, r.t.) of 2¢(3a),. The gray circles and
squares indicate the aromatic moieties and hydrophilic chains of 2, respectively.
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[ | ; 1
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Figure S34c. NOESY NMR spectrum (400 MHz, D,0, r.t.) of 2¢(3a),. The gray circles and
squares indicate the aromatic moieties and hydrophilic chains of 2, respectively.
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Figure S35. (a) Fluorescence spectra (H,0, r.t., A, = 370 nm) and (b) Job’s plot for 3a with
cis,cis-1a.
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Preparation of 2+(3b). AS371, 565

+ — 2-(3b),
HQO, r.t.

N

3b

An excess amount of methyl 1-adamantane carboxylate (3b; 1.4 mg, 6.9 umol)
was added to a H2O solution (0.7 mL) of capsule 2 (1.3 mg, 0.70 umol based on
cis,cis-1a) in a test tube. The suspended mixture was stirred at r.t. for 1 h. The resultant
solution was centrifuged and filtered by a membrane filter (0.20 um) to give a solution
of 2¢(3b),. The fluorescence properties of 2¢(3b), were analyzed by optical
spectrometers. The host-guest composition of 2¢(3b), was confirmed by the 'H NMR

spectrum in DMSO-d; after vacuum freeze-drying.
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Figure S36. 'H NMR spectra (400 MHz, DMSO-dq, r.t.) of 2¢(3b),.
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Preparation of 2:(3c), AS370, 565

a H:0 solution (0.7 mL) of capsule 2 (1.3 mg, 0.70 umol based on cis,cis-1a) in a test

+ — 2.(3c),
Hzo, r.t.

*’N\' OH
2

3c

An excess amount of methyl 1-diamantanol (3¢; 1.5 mg, 7.1 wmol) was added to

tube. The suspended mixture was stirred at r.t. for 1 h. The resultant solution was

centrifuged and filtered by a membrane filter (0.20 wm) to give a solution of 2¢(3c),.

The fluorescence properties of 2¢(3c), were analyzed by optical spectrometers. The

host-guest composition of 2¢(3c¢), was confirmed by the 'H NMR spectrum in DMSO-d,

after vacuum freeze-drying.
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Figure S37. 'H NMR spectra (400 MHz, DMSO-d;, r.t.) of 2¢(3c),.
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Figure S38. (a) Quantum yield (@) and (b) CIE chromaticity (x and y values) of 2¢(3a-c),
(H,0, 1.0 mM based on 1a,r.t., A, = 370 nm).
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Figure S39. Cavity volumes (blue mesh) of (a) 2 and (b) 2¢(3a), based on the optimized
structure.
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Detection of natural fragrance compounds 4a-l by capsule 2
AS561, 562, 563, 564, 566, 567, 569

\W' natural fragrance A
* olecules a1 3 2(4al),
2

0 v VOH ;&
s P O HO

4a 4b 4c 4d 4e af

OH

>~ N

| N OH Y]

| ] °" |
S N

ag ah ai 4j ak al

An excess amount of (—)-menthone (4a; 1.1 mg, 7.3 wmol) was added to a H.O
solution (0.7 mL) of capsule 2 (1.3 mg, 0.70 umol based on cis,cis-1a) in a test tube.
The suspended mixture was stirred at r.t. for 1 h. The resultant solution was centrifuged
and filtered by a membrane filter (0.20 um) to give a solution of 2¢(4a),. The
fluorescent properties of the host-guest complex were analyzed by optical spectrometers.
Host-guest composites 2¢(4b-1), were also prepared and analyzed by the same
procedures. The experiments were conducted at least three times for each sample and
the average values of @, x, and y were used. The error bars denote the standard

deviation.
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Figure S40a. '"H NMR spectra (400 MHz, D,0, r.t.) of (a) 2¢(4e), and (b) (+)-camphor (4e). The
gray circles and squares indicate the aromatic moieties and hydrophilic chains of 2, respectively.
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DE 8.50 usec
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D16 0.00020000 sec
D20 0.04000000 sec
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SwW 10.319 ppm
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8sB 0

LB 0.30 Hz

GB 0

PC 1.00
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MC2 QF

SF 400.1353685 MHz
wDW no

sSB 0

LB 0.00 Hz

GB 0

Figure S40b. DOSY NMR spectrum (400 MHz, D,0, r.t.) of 2¢(4e),. The gray circles
squares indicate the aromatic moieties and hydrophilic chains of 2, respectively.

S37

and



2.0- 2.0 2.0
& -(4a),, & &
$15- N0 2151 v” YOH 2157
> = g = g
‘21,04 - 21,04 “(4b), 7N ‘21,0
R 4a ko) 4b k3] -(4c), 4c
[t [ [ =
0.5- 0.5 T 0.5 Y
0 0 2 o 2
400 450 500 550 600 nm 400 450 500 550 600 nm 400 450 500 550 600 nm
-(4e),
2.0 0 2.0 20
%15_ %15_ %15-
E R E . E o
2 = o} > HO
G 1,04 4ad 31,04 4e G 1.0 (40)n 4f
Q Q [}
0.5 2 Z(4d), 0.5 0.5 T
0- L4 0 2 2
400 450 500 550 600 nm 400 450 500 550 600 nm 400 450 500 550 600 nm
OH
N
2.0 | 2.0 N 2.0 OH
&> N &>
Q 2454 OH © 454
';(1.5- | 1;1.5 1 ;1.5 A )
g E ¥ 2:(4i),
= 2-(4g) 2 2-(4h), >
E—1 n h d ‘0 - -
“é 1.0 4qg 51.0 4h 9@31.0 ai
£ 7 £ T E T
0.5 r 0.5 0.5
0 2 0 —2 . . 0 —2 ; ;
400 450 500 550 600 nm 400 450 500 550 600 nm 400 450 500 550 600 nm
2.0 2.0 2.0 <
g g g 0
X 151 . 1.5 _ 2 1.5
> H > z > |
= \ = = =
2401 _ R 2101 2(4k), N 2404
£ 2:(4i)n 4j £ ak £ ptal 41
0.5 0.5 7 0.5 12 (4D,
0 T T T T 0 T T T T 0 T T T T
400 450 500 550 600 nm 400 450 500 550 600 nm 400 450 500 550 600 nm

Figure S41. Fluorescence spectra (H,O, 1.0 mM based on 1a, r.t., A, = 370 nm) of the
host-guest complexes 2¢(4a-1),.
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Figure S42. Quantum yields (@) of 2¢(4a-1), (H,O, 1.0 mM based on 1a,r.t., A,, = 370 nm).
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Figure S43. CIE chromaticity (x and y values) of 2¢(4a-1), (H,O, 1.0 mM based on 1a,r.t., A, =
370 nm).
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