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Materials and methods

NMR: Bruker AVANCE-400 (400 MHz) or ASCEND-500 (500 MHz), MALDI-TOF
MS: Shimadzu AXIMA-CFR Plus, ESI-TOF MS: Bruker micrOTOF II, Particle Size
Analysis (DLS): Wyatt Technology DynaPro NanoStar, AFM: Asylum Reseach Cypher
S, FT IR: JASCO FT/IR-4200, UV-vis: JASCO V-670DS, Fluorescence: HITACHI
F7000, 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.
Compounds: 1,5-dibromo-2 4-dimethoxybenzene and 1c¢ were synthesized according

to previously published procedures."”
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Synthesis of 4a YO-97

Br 1) n-BuLi, THF MeO OMe
2) ZnCl,, THF O

>
3) PdCl,(PhCN),, P(t-Bu)s O O
THF
MeoJ©:OMe
Br Br
1-Bromopentamethylbenzene (2.000 g, 8.805 mmol) and dry THF (50 mL) were
added to a 2-necked 300 mL glass flask filled with N,. A hexane solution (2.69 M) of

n-butyllithium (3.6 mL, 9.7 mmol) was added dropwise to the flask at —80 °C under N,.
After stirring at —80 °C for 2 h, a dry THF solution (30 mL) of ZnCl, (1.560 g, 11.44

mmol) was added to the solution. The resultant mixture was further stirred at —80 °C for
1 h and then the solution was warmed to r.t. for 1 d to obtain pentamethylphenylzinc
chloride. 1,5-Dibromo-2 4-dimethoxybenene (0.886 g, 2.99 mmol), PdCl,(PhCN), (80
mg, 0.2 mmol), and dry THF (30 mL) were added to a 50 mL glass flask filled with N,,.
A hexane solution (0.95 M) of tri-fert-butylphosphine (0.4 mL, 0.4 mmol) was added to
the 50 mL flask. After stirring at r.t. for 30 min, the mixture was added to the 300 mL
flask and then the resulted solution was further stirred at 85 °C for 2 d. The precipitated
crude product was extracted with CH,Cl, and hexane (as an azeotropic solvent). The
solution was concentrated under reduced pressure. The crude product was collected and
washed with CH,OH to afford 4a (0.734 g, 1.70 mmol, 57% yield) as a pale gray solid.
'H NMR (400 MHz, CDCl,, r.t.): 6 2.04 (s, 12H), 2.27 (s, 12H), 2.30 (s, 6H), 3.84 (s,
6H), 6.66 (s, 1H), 6.69 (s, 1H). "C NMR (100 MHz, CDCl,, r.t.): § 16.8 (CH;), 17.0
(CH,), 18.1 (CH;), 55.8 (CH;), 95.6 (CH), 123.5 (C), 132.1 (C)), 132.5 (C)), 133.8 (C)),
133.9 (CH), 135.7 (C,), 156.7 (C,). FT-IR (KBr, cm™): 3437, 2990, 2928, 2877, 2727,
1603, 1573, 1502, 1456, 1377, 1321, 1277, 1250, 1198, 1166, 1108, 1065, 1032, 997,
921,903, 815,785, 628. MALDI-TOF MS (dithranol): m/z Calcd. for C;,H,30,: 430.29,
Found 430.16 [M]*. E.A.: Calcd. for C;,H;,O,: C, 83.67; H, 8.89. Found: C, 83.54; H,
9.14.
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Figure S1. 'H NMR spectrum (400 MHz, CDCl;, r.t.) of 4a.
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Figure S2. °C NMR spectrum (100 MHz, CDCls, r.t.) of 4a.
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Figure S3a. NOESY spectrum (400 MHz, CDCl;, r.t.) of 4a.
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Figure S3b. NOESY spectrum (400 MHz, CDCl;, r.t.) of 4a.
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D 24
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FIDRES 3.906250 H.

AQ 0.1280500 sec
RG 203

DW 125.000 usec
DE 6.50 usac

TE 301.5K
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Do 0.00000300 sec
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D4 0.00172414 sec
D11 0.03000000 sec
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INO 0.00002480 sec
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======== CHANNEL f{ ========
SFO1  400.1318806 MHz
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Figure S4a. HSQC spectrum (400 MHz, CDCl;, r.t.) of 4a.
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Figure S4b. HSQC spectrum (400 MHz, CDCl;, r.t.) of 4a.
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Synthesis of 5a YO-101

OMe HO OH
BBrj
® > S > ®

MeO

Pentamethylbenzene dimer 4a (0.500 g, 1.16 mmol) and dry CH,Cl, (50 mL)
were added to a 200 mL glass flask. A CH,Cl, solution (1.0 M) of BBr; (4.6 mL, 4.6
mmol) was added dropwise to this flask at O °C under N,. The reaction mixture was
stirred and allowed to warm to r.t. overnight. The reaction was quenched with H,O (50
mL). The two layers were separated and the aqueous layer was extracted with CH,Cl, (3
x 100 mL). The combined organic layers were dried over MgSO,, filtrated, and
concentrated under reduced pressure. The crude product was washed with acetone and
hexane to afford 5a (0.453 g, 1.13 mmol, 97% yield) as a white solid.”
'H NMR (400 MHz, CDCl,, r.t.): 6 2.05 (s, 12H), 2.26 (s, 12H), 2.29 (s, 6H), 4.62 (s,
6H), 6.60 (s, 1H), 6.67 (s, 1H). "C NMR (100 MHz, CDCl,, r.t.): 6 16.9 (CH,), 16.9
(CH;), 179 (CH3), 101.6 (CH), 121.1 (C), 131.5 (C)), 132.1 (C)), 1332 (C)), 133.8
(CH), 1353 (C,), 153.0 (C,). FT-IR (KBr, cm™): 3518, 2986, 2925, 2872, 1630, 1595,
1494, 1453, 1418, 1376, 1336, 1258, 1213, 1131, 1099, 1066, 1019, 902, 851, 783, 604.
MALDI-TOF MS (dithranol): m/z Caled. for C,3H;,0,: 402.26, Found 402.16 [M]".
E.A.: Calcd. for C,4H,,0,°0.6CH,COCH;: C, 81.83; H, 8.66. Found: C, 81.67; H, 8.52.
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Figure S5. 'H NMR spectrum (400 MHz, CDCl;, r.t.) of 5a.
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Figure S6. °C NMR spectrum (100 MHz, CDCls, r.t.) of 5a.
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ppm SQLVENT CDCi3
NS 8
DS 16
SWH 5000.000 Hz
FIDRES 2.441406 Hz
1.6 AQ 0.2048500 sec
" RG 61.52
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DE 10.00 usec
F1.7 TE 98.0 K
- DO 0.00008472 sec
D1 2.00000000 sec
D8 0.40000001 sec
F D11 0.03000000 se
18 D12 o 00002000 300
D16 0.00020000 sec
INO 0.00020000 sec
F1.9 ======== GHANNEL {1
SFO1 500.1323506 MHz
NUG1 1H
P1 12.00 usec
F2.0 P2 24.00 usec
P17 2500.00 usec
NDO 1
TD 138
F2.1 SFO1 500.1324 MHz
FIDRES 36.231884 Hz
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a - SF 500.1300110 MHz
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Figure S7a. NOESY spectrum (400 MHz, CDCls;, r.t.) of Sa.
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: - DO 0.00008472 sec
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: D8 0.40000001 sec
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: D16 0.00020000 sec
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Figure S7b. NOESY spectrum (400 MHz, CDCl;, r.t.) of 5a.
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NAME yo_NMR_257
EXPNO 3
PROCI 1

d Date 20141111
Time 231
INST RUM

10!
SOLVENT CDCI3
ppm 2
DS 1 6
SWH 4000.000 Hz
FIDRES 3.906250 H;
AQ 0.1280500 sec
RG 203
- 20 DW 125.000 usec
DE 6.50 usec
TE 301.8K
CNSTZ  145.0000000
Do 0.00000300 sec
- 40 D1 1.50000000 sec
D4 0.00172414 sec
D11 0.03000000 sec
D16 0.00020000 sec
D24 0.00086207 sec
L INO 0.00002480 sec
60 ZGOPTNS
======== CHANNEL f{ ========
SFO1  400.1318806 MHz
[ NUCH 1H
- 80 P1 15.00 usec
P2 30.00 usec
Pog 1000.00 usec
NDO 2
gno 256
FO1 100.6228 MHz
a — |-eeesd f 100 FIDRES  78.755043 Hz
a sw 200.365 ppm
HO OH c FNMODE Echo-Antiacho
O gl 1024
F 400.1300088 MHz
— d 120 wDwW QSINE
S58 2
b b B 0.00 Hz
—— e gc 1.40
L ] 1024
140 MC2  echo-antiecho
SF 100.6127416 MHz
WD QSINE
— S58 2
LB 0.00 Hz
T T T T T T T T T T GB 1]
70 65 60 55 50 45 40 35 30 25 20 ppm

PROBHD 5mm PpABBO BB-
PULPROG hsqcelgpsi2

Figure S8. HSQC spectrum (400 MHz, CDCl;, r.t.) of 5a.

Synthesis of 1a YO-164
00 0N
HO
L C_ANe

Pentamethylbenzene dimer Sa (100 mg, 0.248 mmol), NaOH (60 mg, 1.5 mmol),
and THF (30 mL) were added to a 50 mL glass flask. 1,3-Propanesultone (91 mg, 0.74
mmol) was added dropwise to this flask. The resultant mixture was stirred at r.t.
overnight. The solvent was filtrated and then CH,Cl, and hexane was added to the
filtrate. The resultant solution was concentrated under reduced pressure. The crude
product was washed with water and 1-propanol to afford 1a (0.108 g, 0.156 mmol, 63%
yield) as a white solid.
'HNMR (400 MHz, CD;0D, r.t.): 6 1.96 (s, 12H), 2.06 (dt, J = 6.8, 6.0 Hz, 4H), 2.22 (s,
12H), 2.25 (s, 6H), 2.70 (t, J = 6.8 Hz, 4H), 4.06 (t, J = 6.0 Hz, 4H), 6.42 (s, 1H), 6.81
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(s, 1H). "C NMR (125 MHz, CDCl,, r.t.): § 16.8 (CH,), 18.4 (CH,), 26.4 (CH,), 49.0
(CHy), 68.6 (CH,), 100.3 (CH), 126.0 (C), 132.7 (C)), 133.0 (C)), 134.1 (CH), 134.2
(Cp, 1370 (C,), 157.1 (C,). FT-IR (KBr, cm™): 3446, 2925, 1630, 1604, 1577, 1502,
1452, 1385, 1323, 1274, 1186, 1108, 1049, 797, 739, 610. HR MS (ESI): Calcd. for
C,H,O,S, 322.1233, Found 322.1223 [M-2Na‘]*. E.A.: Caled. for
C,,H,Na,O4S,02 5CH,CL,: C,48.54; H, 5.47. Found: C, 48.40; H,5.55.
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PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 85!
SOLVENT MeQD
NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 40894966 sec
RG

DW 62.400 usec
'?!EE 6.50 usec

300.9 K
D1 1.00000000 sec
TDO 1

d €
======== CHANNEL | ========
SFO1 400.1:&4710 MHz

NUC1
Pi 15.00 usec

Sl

8F 400.1300079 MHz
wDw EM

588 0

LB 0.30 Hz

(<)) 0

PC 1.00

S

f
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[
-
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Figure S9. 'H NMR spectrum (400 MHz, CD;OD, r.t.) of 1a.

ppm

S11



w0 - @«
4 gegsaes & 3 = g 3
B EEREREL 8 & @ S 66
2 aeegarEd 2 3 < & 22
| \*V/ | \ / NAME  yo NMR_261
EXPNO 11
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Date_ 20141115
Time 19.58
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PROBHD_ 5 mm CPPBBO BB
PULPROG pg30
SOLVENT MeOD
NS 1024
DS 4
SWH 27573.529 Hz
FIDRES  0.420739 Hz
AQ 1.1884362 sec
RG 191.56
Dt 18.133 usec
DE 18.00 usec
TE 208.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL {{ ========
SFO1  1265.7703648 MHz
NUC 13C
P1 10.00 usec
d, glF 125.7576116 MHz
,e WD! EM
(4 38B 1]
B 3.00 Hz
GB 0
PC 140
h
g
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
. 13
Figure S10. "C NMR spectrum (125 MHz, CD;0D, r.t.) of 1a.
b NAM yo_NMR_261
EXPNO 12
PROGNC 1
Date_ 20141115
Time 20.03
INSTRUM spect
FDEPBRH& 5mm &O’PBEO BB
Noes!
TD 2048ygpp e
ppm SOLVENT MeOD
NS 16
H DS 16
i SWH 5000.000 Hz
H FIDRES 2.441406 Hz
H £1.6 AQ 0.2048500 sac
H ' RG 61.52
H DW 100.000 usec
: DE 10.00 usac
: F 17 TE 298.0 K
H . DO 0.00008472 sec
: D1 2.00000000 sec
: D8 0.40000001 sec
H 18 DIl 6.03000000 sec
H . D12 000002000 sec
: D16 0.00020000 sec
H INO 0.00020000 sec
: F1.9 ======== CHANNEL f{ ========
SFO1 500.1323506 MHz
C —————" |t NUG1 1H
P1 12.00 usec
2.0 P2 24.00 usec
P17 2500.00 usec
NDO 1
TD 144
2.4 SFO1 500.1324 MHz
FIDRES 34.722221 Hz
SwW 9.997 ppm
FnMODE  States—TPPI
£29 Si 1024
: SF 500.1300088 MHz
WDW QSINE
ESB 0 0% H.
. ¥4
PG 1.00
Sl 1024
MC2 States—TPPI
F24 SF 500.1300082 MHz
WD QSINE
EEB 0 0% H.
. ¥4
T T T T T T T T T T T 25 GB 0
6.60 655 650 645 640 635 6.30 625 620 6.15 6.10 6.05 ppm

Figure S11a. NOESY spectrum (500 MHz, CD;0D, r.t.) of 1a.
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|

NAM| yo_NMR_261
EXPNO 12
d PROCNO 1
Date_ 20141115
Time 20.03
INSTRUM spact
PRCBHD 5 mm CPPBBO BB
%LJJLPROG noesygpphpp
ppm SOLVENT MeQD
NS 16
DS 16
SWH 5000.000 Hz
1.6 FIDRES 2.441406 Hz
AQ 0.2048500 sec
RG €1.52
DW 100.000 usec
DE 10.00 usec
1.8 TE 298.0K
b Do 0.00008472 sac
D1 2.00000000 sec
D8 0.40000001 sac
D11 0.03000000 sec
D12 0.00002000 sec
2.0 D16 0.00020000 sec
ING 0.00020000 sac
======== GHANNEL {1 ========
SFO1 500.1323506 MHz
22 NUG1 1H
- P1 12.00 usec
P2 24.00 usec
P17 2500.00 usec
o
2.4 SFO1 500.1324 MHz
FIDRES 34722221 Hz
SW 9.997 ppm
FnMODE  States—TPPI
Sl 1024
Lo6 SF 500.1300088 MHz
- WD QSINE
SSB 2
LB 0.00 Hz
GB 0
PC 1.00
=X sl 1024
MG2 Slates-TPP|
SF 500.1300082 MHz
WD QSINE
fSB 0 0% H
R 1z
T T T T T T T T T T T T T T 3.0 GB 0
3.0 29 28 27 26 25 24 23 22 21 20 19 18 1.7 1.6 ppm
Figure S11b. NOESY spectrum (500 MHz, CD;0D, r.t.) of 1a.
NAME yo_NMR_261
EXPNQ 3
PROCNO 1
Date_ 20141115
f Time 16.07
INSTRUM spect
h PROBHD 5 mm PABBO BB-
%}LPROG cosygpaf
m SOLVENT MeQD
n T PP NS 1
H H 8
H SWH 5341.880 Hz
i FIDRES  2.608340 Hz
i AQ 0.1917426 sec
! 42 20 D 55000
H 2. 600 usec
............................ =" | DE 6.50 useC
TE 300.7 K
) DO 0.00000300 sec
D1 1.48689188 sec
D13 0.00000400 sec
2.5 D16 0.00020000 sec
INO 0.00018720 sec
Y o0
8 === GHANNEL Hl ====—c-=
SFO1 400.1324057 MHz
NUC1 1H
3.0 PO 15.00 usec
P1 15.00 usec
NDO 1
. ™ 128
= SFO1 400.1324 MHz
FIDRES 41.733440 Hz
3.5 13.350 ppm
FnMODE QF
Sl 024
SF 400.1300000 MHz
£65 o
4.0 LB 0.00 Hz
5 GB
PC 1.40
Sl 1024
MC: QF
SF 400.1300000 MHz
4.5 WwD! SINE
SSB 0
LB 0.00 Hz
@ GB 0
T T T T T T 50
5.0 45 40 35 30 25 2.0 ppm

Figure S12. 'H-'H COSY spectrum (400 MHz, CD,0D, r.t.) of 1a.
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spect
PROBHD 5 mm PABBO BB-
P[L)JLPROG rsg:etgpsm

T 0:

SOLVENT MeOD
ppm NS 2
DS 16
SWH 4000.000 Hz
FIDRES  3.806250 Hz
AQ 0.1280500 sec
203

L 2g DW 125.000 usac
DE 6.50 usec
TE 3009 K
CNST2  145.0000000
DO 0.00000300 sec

D1 1.50000000 sec
D4 0.00172414 sec

I-30 D14 0.03000000 sac
Di6  0.00020000 sec
) D24 0.00086207 sec
H : N0 0.00002480 sec
i i i ZGOPTNS
[-40 ======== CHANNEL f{ ===——===
SFO1 400.1318806 MHz
i NUG1 1H
P1 15.00 usec
P2 30.00 usec
IFH%% 100%00 usec
50 TD 256
SFO1 100.6228 MHz

FIDRES 78.755043 Hz
sw 200.365 ppm
FnMODE  Echo-Antiacho
Sl 1024

[ 60 2
SF 400.1300059 MHz
wDw QSINE
SSB 2
LB 0.00 Hz
& 190

70 si 1024

MC2  eche-antiacho
SF 100.6126187 MHz
WDW QSINE
88B 2
LB 0.00 Hz
GB 0

T T T T T T T T T T T T T T T
44 42 40 38 36 34 32 30 28 26 24 22 20 18 1.6 ppm

Figure S13a. HSQC spectrum (400 MHz, CD;0D, r.t.) of 1a.

NAME  yo_NMR_261
EXPNO 5
PROCNOC 1

b Date_ 20141115

a Time 16.34
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG  hsgcelgpsi2

ggLVENT 1024M90D
ppm NS 2
DS 16
4000.000 Hz
FIDRES  3.906250
AQ 1280500 sec
- 95 RG 203
DW 125.000 usac
H DE 6.50 usec
E ! 100 (T:E|ST2 1:3\9»06?1(;(0%0
a ¢ H DO 0.00000300 sec
Di 1.50000000 sec
D4 0.00172414 sec
105 D11 0.03000000 sec
D16 0.00020000 sec
D24 00086207 sec
%JOPTN 0.00002480 sec
-110
[T VY1) ) J—
SFO1  400.1318806 MHz
NUC1 1H
115 P1 15.00 usec
P2 30.00 usec
P28 1000.00 usec
B
120 SFO1 100.6228 MHz
FIDRES  78.755043 Hz
Sw 200.365 ppm
FnMODE  Echo-Antiecho
125 ] 1024
SF 400.1300059 MHz
WDW QSINE
SSB >
130 LB 0.00 Hz
: GB [
: gc 1.40
= : ] 1024
T o L MC2  echo-antiecho
b iE 135 SF 100.6%1 87 MHz
WDW INE
3 SSB 2
LB 0.00 Hz
GB [}

T T T T T T T T T T T T T T T
72 71 70 69 68 67 66 65 64 6.3 62 61 60 59 58 57 ppm

Figure S13b. HSQC spectrum (400 MHz, CD;OD, r.t.) of 1a.
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Analysis Info

Acquisition Date  11/14/2014 10:38:43 PM
Analysis Name  D:\Data\akita\13okazawa\pmb_SO3\Acquisition000002.d

Method esi_neg_low.m Operator BDAL@DE
Sample Name  pmb_S03 Instrument / Ser# micrOTOF 10321
Comment
Acquisition Pafémet; N B -
Source Type ESI lon Polarity Negative Set Nebulizer 0.4 Bar
Focus ) Not active Set Dry Heater 180 °C
Scan Begin 50 m/z Set Capillary 3800V Set Dry Gas 4.0 Umin
Scan End 1000 m/z Set End Plate Offset  -500V Set Divert Valve Waste
Intens. - ' - -
106 MS, 2.6-2.7min #(156-162))
3] Found 322.1233
2]
322.6244
1 .
3231237
323.6240
0 VA%
C34H4408S2, M ,644.25)
2000] Calcd. 322.1233
1500
1000+
3226250
5007 3231215
] J\ 323.6230
0 , — —————y — f , ——y Y v
319 320 321 322 323 324 325 326 327 miz

Figure S14. HR MS spectrum (ESI) of 1a.

Self-assembly of 2a YO-104

R o ;o I'-\)

(AL ) A

Amphiphile 1a (5.5 mg, 8.0 umol) and D,O (0.4 mL) were added to a glass test

tube. When the mixture was stirred at r.t. for 1 min, the formation of 2a was confirmed
by NMR, DLS, and AFM analyses.
'H NMR (500 MHz, D,0, 2.0 mM based on 1a, r.t.): 6 1.97 (s, 12H), 2.00 (dt, J = 6.4,
6.0 Hz, 4H), 2.22 (s, 12H), 2.27 (s, 6H), 2.62 (m, J = 6.4 Hz, 4H), 4.09 (t, J = 6.0 Hz,
4H), 6.58 (s, 1H), 6.96 (s, 1H). >*C NMR (125 MHz, D,0, 2.0 mM based on 1a,r.t.): §
15.7 (CH;), 159 (CH,), 174 (CH,), 24.3 (CH,), 47.6 (CH,), 68.2 (CH,), 101.9 (CH),
1259 (C), 1324 (C), 1328 (C,), 133.0 (CH), 134.5 (C), 135.0 (C), 1550 (C).
DOSY NMR (400 MHz, D,0, 2.0 based on 1a,25°C): D =4.16 x 10" m*s™".
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NAME yn_NI.éH_ZGZ

EXPNO

PROCNO 1
c Date_ 20141205

Time 2228

INSTRUM ct

PROBHD 5 mm GPPBEO BB
PULFROG 2530

TD 85!
SOLVENT D20

d NS 16
DS 4
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2768500 sec
R 46.16
Dw 50.000 usec
DE 10.00 usec
TE 8.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL {{ ========
SFO1 500.1323506 MHz
NUC1 1H
Pi 12.00 usec
Sl 65536
§F 500.1299569 MHz
WwDwW no

e ssB 0
LB 0.00 Hz
@B 0
PC 1.00

f
ab
T T T T T T T T T T T
10 9 8 5 3

.

G

Figure S15. 'H NMR spectrum (500 MHz, D,0, 2.0 mM based on 1a, r.t.) of 2a.
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NAME yo_NM4R_262

PROCNO 1

Date_ 20141120

Time 9.35

INSTRUM ect
PROBHD & mm CPPBBO EB
PULPROG pg30

TD 5!

SOLVENT D20

NS 12150

DS 4

SWH 27573.529 Hz
FIDRES 0420739 Hz
Al 1.1884362 sec

Q
RG 191.56
DW 18.133 usec:
DE 18.00 usec
TE

298.0 K
D1 2.00000000 sec
ng 0.03020000 se¢

L
======== CHANNEL {{ ========
SFO1 1257703648 MHz
NUC1 13C
P1 10.00 usec

d, glF 125, 75?'7390 MHz
,e wow EM

c 8sB 0
LB 3.00Hz
GB "
PG 1.40

T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

Figure S16. °C NMR spectrum (125 MHz, D,0, 2.0 mM based on 1a, r.t.) of 2a.
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NAME yo_NMR_262
[o] 6

s .

EXPN
PRCCNO 1
f Date_ 201 41205
Time 5
h INSTRUM
PRCBHD 5 mm PPBBO BB
TLDJ PROG  cosygpppaf
m SOLVENT D20
PP NS 4
DS 16
SWH 6684.492 Hz
FIDRES 3.263912 Hz
AQ 0.1532404 sec
. RG 191.86
DW 74.800 usec
2.0 DE 10.00 usec
TE 298.0 K
Do 0.00000300 sac
D1 2.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
D13 0.00000400 sec
2.5 D16 0.00020000 sec
ING 0.00014960 sac
======== CHANNEL {1 ========
SFO1 500.1330069 MHz
e
usec
3.0 P1 2.00 usec
P17 2500 00 usec
INDH 1
D 128
SFO1 500.133 MHz
FIDRES 52.222595 Hz
SwW 13.365 ppm
3.5 FnMODE QF
Sl 24
SF 500.1299551 MHz
WD Qs
SSB 0
é% 0.000 Hz
4.0 PG 1.40
Sl 1024
MGC2 QF
SF 500.1299555 MHz
WDW QSINE
fSB 0 Og H
R 1z
4.5 GB 0

44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 ppm

Figure S17. 'H-'H COSY spectrum (400 MHz, D,0, 2.0 mM based on 1a, r.t.) of 2a.

NAME yo_NNéR_ZGZ

EXPN
PROCNO 1
Date_ 20141217
b ime 22.
INSTRUM
PROBHD 5 mm PPBBO BB
PULPROG noes: h|
D 2048 Yopphpe
ppm SOLVENT D20

NS 64
DS
SWH 5000.000 Hz
FIDRES 2.441406 Hz

£1.6 Qg 0. 2048500 sec
DW 100 000 usec
DE 10.00 usec

4.7 TE 208.0 K

- Do 0.00008472 sec

D1 2.00000000 sec
D8 0 40000001 sac
D11 0.03000000 sec
F1.8 Di2 0.00002000 sec
D16 0.00020000 sec
INO 0.00020000 sac

H £1.9 ======== CHAN [
H SFO1 500. 1323506 MHz
: NUC1
f P1 12.1 00 usec
................................... 0 Fop PI" J200usec
P17 2500.00 usec
NDO 1
D 226
E21 SFO1 500.1324 MHz
FIDRES 22.123894 Hz
SwW 9.997 ppm
FnMODE S‘tales—TPPI
L9292 Sl 1024
- SF 500. 1299523 MHz
WDW QS
ng 0 00 H
00 Hz
23 GB 0
PC 1.00
Sl 1024
MC2 States-TPPI
F24 SF 500.1209523 MHz
WDW QSINE
ng 0 0% H
. r4
T T T T T T T T 25 GB 0
6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 ppm

Figure S18a. NOESY spectrum (500 MHz, D,0, 2.0 mM based on 1a, r.t.) of 2a.
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Q
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NAME yo_NMR_262
EXPNO 8

PROCNO 1

Date_ 20141217

Time_ 22

INSTRUM ct
PROBHD 5 mm PPBBC BB
PULPROG ggfssygpphpp

TD
SOLVENT D20
NS 64

DS 16

SwWH 5000.000 Hz
FIDRES 2.441406 Hz
AQ 2048500 sec
RG 1.52

DW 100 000 usec
DE 10.00 usec
TE 298.0 K

Do 0.00008472 sec
D1 2.00000000 sec

D8 0.40000001 sec
D11 0.03000000 sec
D12 0.00002000 sec:
D16 0.00020000 sec
INO 0.00020000 sec

======== CHANNEL f{ ========
SFO1 500.1323506 MHz
NUC1 1H

P1 12.00 usec

p2 24.00 usec

P17 2500 00 usec
NDO

D 6

SFO1 500.1324 MHz
FIDRES 22.123894 Hz
sw 9.997 ppm

FnMODE  States-TPPI

Sl 1024

SF 500.1299528 MHz
DW QSINE

S 2
LB 0.00Hz
GB 0
PC 1.00
Sl

1024
MG2 States—TPPI
SF 500.1299523 MHz
DW QSINE

SB 2
LB 0.00 Hz
0

Figure S18b. NOESY spectrum (500 MHz, D,0, 2.0 mM based on 1a, r.t.) of 2a.
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NAME yo_NMR_262
13

EXPNO

PROCNC 1
Date_ 20141115
Timeg_ 20.43
INST RUM

PROBHD 5 mm PABBO BB-
PULPROG 1hsqcangpslz

SOLVENT D20
NS ]

D3 16
SWH 4000.000 Hz
FIDRES 3.906250 Hz
AQ 0.1280500 sec
RG 203
DW 125.000 usac
DE 6.50 usec
TE 300.8 K
CNST2  145.0000000
Do 00000300 sec
D1 1.50000000 sec
D4 0.00172414 sec
D11 0.03000000 sec

D24 0.00086207 sec
INO 0.00002480 sec
ZGOPTNS

== CHANNEL f1

400.1:118806 M

15.00 usec
30.00 usec
100%00 usec

256
100.6228 MHz
FIDRES 78.755043 Hz

sw 200.365 ppm
FAMODE  Echo-Antiecho
Sl 1024

SF 400.1299801 MHz
WDwW QSINE

§3B 2

LB 0.00 Hz
GB 0

PG 1.40

Sl 1024
MC2  echo-ant

lacho
SF 100.61 27590 MHz
w QSIN

LB 0.00 Hz
GB Q

Figure S19a. HSQC spectrum (400 MHz, D,0, 2.0 mM based on 1a, r.t.) of 2a.
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NAME  yo_NMR_262
EXPNO 13
PROCNO 1
Date_ 20141115
Time 20.4
INSTRUM

spect
PROBHD 5 mm PABBO BB-
PULPROG 1hsg:atgpsl2

T

SOLVENT D20

NS 16

DS 16

SWH 4000.000 Hz

FIDRES 3.806250 Hz
Q 0.1280500 sec

203

DW 125.000 usec

DE 6.50 usec

TE 300.8K

CNST2  145.0000000

DO 0.00000300 sec

D1 1.50000000 sec

D4 0.00172414 sec

D24 0.00086207 sec
INO 0.00002480 sec
ZGOPTN

======== CHANNEL f{ ===—====
SFO1 400.1318806 MHz
NUC1 1H

P1 15.00 usec

P2 30.00 usec
P28 1000.00 usec
NDO 2

D 256

SFO1 100.6228 MHz
FIDRES 78.755043 Hz
SW 200.365 ppm
FNMODE  Echo-Antiecho
8l 1024

SF 400.1289%01 MHz
WwDwW QSINE
88B 2

LB 0.00 Hz

GB 1)

PC 1.40

Sl 1024

MC2  echo-antiecho

SF 100.6127690 MHz
WDW QSINE
SSB 2

LB 0.00 Hz

GB 0

Figure S19b. HSQC spectrum (400 MHz, D,0, 2.0 mM based on 1a,r.t.) of 2a.

VRN VN Y | TR W

¥ W

log D =-9.08

L

L

log D =-9.37 '

T T T T T T T T T T T T
80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15

T T
80 75 7.

T T T T T T T T T T T
0 65 60 55 50 45 40 35 30 25 20 15 ppm

-8.6

Figure S20. DOSY NMR spectra (400 MHz, 25 °C) of a) 1a in CD;0D and b) 2a in D,O (2.0

mM based on 1a).
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Synthesis of 4b YO-162

Br 1) n-BuLi, THF MeO OMe
2) ZnCly, THF
D et
3) PACI,(PhCN),, P(t-Bu); U O
THF
Me0:©:OMe
Br Br
1-Bromobenzene (2.000 g, 12.73 mmol) and dry THF (50 mL) were added to a
2-necked 300 mL glass flask filled with N,. A hexane solution (2.69 M) of

n-butyllithium (5.2 mL, 14 mmol) was added dropwise to the flask at —80 °C under N,.
After stirring at —80 °C for 2 h, a dry THF solution (30 mL) of ZnCl, (2.250 g, 16.55

mmol) was added to the solution. The resultant mixture was further stirred at —80 °C for
I h and then the solution was warmed to r.t. for 1 d to obtain phenylzinc chloride.
1,5-Dibromo-2 4-dimethoxybenene (1.538 g, 5.197 mmol), PdCL(PhCN), (140 mg,
0.364 mmol), and dry THF (30 mL) were added to a 50 mL glass flask filled with N,. A
hexane solution (0.95 M) of tri-tert-butylphosphine (0.7 mL, 0.7 mmol) was added to
the 50 mL flask. After stirring for 30 min at r.t., the mixture was added to the 300 mL
flask and then the resulted solution was further stirred at 85 °C for 2 d. The precipitated
crude product was extracted with CH,Cl, and hexane (as an azeotropic solvent). The
solution was concentrated under reduced pressure. The crude product was collected and
washed with CH,OH to afford 4b (0.962 g, 3.31 mmol, 64% yield) as a white solid.

'H NMR (400 MHz, CDCl,, r.t.): 3.92 (s, 6H), 6.72 (s, 1H), 7.35 (t, J = 7.6 Hz, 2H),
745 (dd, J = 8.0, 7.6 Hz, 4H), 7.61 (d, J = 8.0 Hz, 4H). "C NMR (100 MHz, CDCl,,
r.t): 6 56.0 (CH;), 96.6 (CH), 123.5 (C)), 126.7 (CH), 128.1 (CH), 129.6 (CH), 133.1
(CH), 138.3 (C,), 157.0 (C,). FT-IR (KBr, cm™): 3444, 3021, 3001, 2928, 2836, 1955,
1611, 1582, 122, 1483, 1467, 1433, 1388, 1311, 1284, 1261, 1240, 1203, 1181, 1165,
1075, 1052, 1031, 1011, 948, 899, 818, 765, 723, 701, 678. GC-MS (m/z): Calcd. for
C,0H,30,: 290, Found 290 [M]*. E.A.: Calcd. for C,,H,;0,°0.4CH,OH: C, 80.82; H, 6.52.
Found: C, 80.99; H, 6 .45.
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7.623
7.620
7.603
7.600
7474
7470
7.456
7453
7.440
7436
7.396
7.376
7373
7.369
7.360
7.354
7.350
7.339
7.336
7.333
6.715
3.924

NAME yo_NMR_254

EXPNOQ 2

PROCNO 1

Date_ 20 1 41 110

Time

INSTRUM

PROBHD 5 mm ABBO BB-
PULPROG 2030

D 65636
SOLVENT CDCI3
NS 16

2
SWH 8012.820 Hz
FIDRES = 0.122266Hz
d AQ 4.0B34966 sec
b f RG 32
c DW 62.400 usec
DE 6.50 usec
TE 300.8 K
DI 100000000 sec
e
======== CHANNEL {1 z====z==
SFO1 4001324710 MHz
NUG1 1H
Pi 15.00 usec
sl 3
f SF 400.1300100 MHz
wow EM
T T T ] | SSB 0
760 755 750 745 740 7.35 ppm 0 = 030Hz
PC 1.00

A ‘

10 9 8 7 ] 5 4 3 2 1 ppm
i

Figure S21. 'H NMR spectrum (400 MHz, CDCl,, r.t.) of 4b.

3 % 88388 i gy g

& LA LL 8 NS g

‘ | \ / / | \V | AME  yo_NMR_254
EXPNO 4
PROCH 1
Date_ 20141110
Time 23
INSTRUM et
PROBHD 5 mm PABBO BB-
$8LPROG pg30
SOLVENT CDCI3
NS 256
D8 1
SWH 24038461 Hz
FIDRES 0.366796 Hz
AQ 1.2631988 sec
RG 144
DwW 20.800 usec
DE 6.50 usec
TE 2023 K
DI 200000000sec
D11 0.03000000 Seo
00 1

c s======= CHANNEL f{ ========
d SFO1  100.6228298 MHz
NUET 13C
PY 10.00 Usec
sl 3276
SF 1006127611 MHz
WDW EM
558 0
iB 3.00 Hz
GB 0
FC 140
f
e
c c, b
q q
‘ Cq a
| l N 1

T T
160 150 140 130 120 110 100 90 80 70 80 50 40 30 20 10 0 ppm

Figure S22. "C NMR spectrum (100 MHz, CDCl,, r.t.) of 4b.
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Figure S23. 'H-'H COSY spectrum (400 MHz, CDCl;, r.t.) of 4b.
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NAME yo_NMR_254

EXPNC 5

PROCNO 1

Dato_ 20141110

Time 23.05

INSTRUM spect

PROBHD 5 mm PABBC BB-

PULPROG cosygpagf

D 048

SOLVENT CDCI3

NS 1

DS 8

SWH 5341.880 Hz

FIDRES 2.608340 Hz

AQ 0.1917428 sec

RG 64

DW 93.600 usec

DE 6.50 usec

TE 301.8 K

Do 0.00000300 sec

D1 1.48689198 sec

D13 0.00000400 sec

D16 0.00020000 sec

INO 0.00018720 sec

======== CHANNEL f| ========

SFO1 400.1324057 MHz

NUCH 1H

PO 15.00 usec

P1 15.00 usec

NDO 1

TD 128

SFO1 400.1324 MHz

FIDRES 41.733440 Hz
W 13.350 ppm

FnMODE QF

Sl 024

SF 400.1300070 MHz

WDW SINE

SSB 0

LB 0.00 Hz

GB 0

PC 1.40

Sl 1024

MG2 QF

SF 400.1300068 MHz

WDW SINE

$SB 0

LB 0.00 Hz

GB 0
NAME yo_NMR_254
EXPNO 3
PROCI 1
Date_ 20141110
Time 22.30

INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG  hsqcelgpsi2

TD 1024
SOLVENT feinle ]
N 2

S
DS 16
SwH 4000.000 Hz
FIDRES 3.906250 Hz
AQ 500 sec
RG 203
DW 125.000 usec
DE .50 usec
TE 3009 K
CNSTZ2  145.0000000
Do 0.00000300 sec
D1 1.50000000 sec
D4 0.00172414 sec
D11 0.03000000 sec
D16 0.00020000 sec
D24 .00086207 sec
INO 0.00002480 sec
ZGOPTNS

== CHANNEL f1 ====—====

400.1318806 MHz
1H

15.00 usec
30.00 usec
1000.00 usec
NDO 2
D 256
SFO1 100.6228 MHz
FIDRES 78.755043 Hz
sw 200.365 ppm
FnMODE  Echo-Antiecho
S 1024
SF 400.1300088 MHz
WDW QSINE
§SB 2
LB 0.00 Hz
GB Q
PC 1.40
8l 1024
MC2  echo-antiecho
SF 100.6127680 MHz
WDW QSINE
SSB 2
LB 0.00 Hz
GB Q

Figure S24a. HSQC spectrum (400 MHz, CDCls;, r.t.) of 4b.
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EXPNO
PROC
Date_ 20141110
Time 22
INSTRUM spect
PROBHD 5 mm PABBO BB~
PULPROG 1hsqcetgpsiz
SOLVENT ,00ce
ppm NS
DS %
SWH 4000000 Hz
FIDRES _ 3.906250 H
AQ 0.1280500 sec
122 RG 203
DW 126.000 usec
DE 6.50 usec
TE 3009 K
124 CNSTZ  145.0000000
0o 0.00000300 soc
D1 1.50000000 sac
D4 0.00172414 sec
| 126 D11 0.03000000 sec
D16 0.00020000 sec
e D24 (.00086207 sec
INO  0.00002480 sec
| 128 ZGOFTNS
d ————==== CHANNEL f{ ========
H SFO1  400.1318806 MHz
i 130 PP
H — U0 usec
c i P2 30.00 usec
P28 1000.00 usec
>
i 132 SFO1 1006228 Mz
78.755043 Hz
D @ f EVK‘ODE ET-%A%P“’M
ni Cho- iacl
| a | 134 s 1024
o o SF 400.1300088 MHz
c WDW QSINE
s58 2
d 136 LB 0.00 Hz
b GB 0
PC 1.40
e sI 1024
138 MC2  echo-antiecho
SF 1006127680 MHz
WDW QSINE
£58 2
LB 0.00 Hz
T T T T T T T T T T T T T T T 140 GB 0
80 79 78 77 76 75 74 73 72 71 7.0 69 68 6.7 66 6.5 ppm
Figure S24b. HSQC spectrum (400 MHz, CDCl;, r.t.) of 4b.
Synthesis of 5b YO-12
MeO OMe HO

Che T ETavane

Benzene dimer 4b (1.000 g, 3.444 mmol) and dry CH,Cl, (100 mL) were added
to a 200 mL glass flask. A CH,Cl, solution (1.0 M) of BBr; (13.8 mL, 13.8 mmol) was
added dropwise to the flask at O °C under N,. The reaction mixture was stirred and
allowed to warm to r.t. overnight. The reaction was quenched with H,O (50 mL). The
two layers were separated and then the aqueous layer was extracted with CH,Cl, (3 x
100 mL). The combined organic layers were dried over MgSO,, filtrated, and
concentrated under reduced pressure. The crude product was washed with acetone and
hexane to afford 5b (0.850 g, 3.24 mmol, 94% yield) as a white solid.”

'H NMR (400 MHz, CDCl,, r.t.): §5.34 (s, 2H), 6.65 (s, 1H), 7.16 (s, 1H), 7.37-7.40 (m,
2H), 745 (d, J = 4.4 Hz, 4H), 745 (d, J = 44 Hz, 4H). °C NMR (100 MHz, CDCl,,
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r.t): 6 103.3 (CH), 121.5 (C)), 127.7 (CH), 129.3 (CH), 129.4 (CH), 131.7 (CH), 136.9
(C,, 1533 (C,). FT-IR (KBr, cm™): 3471, 3064, 3025, 2925, 1615, 1532, 1513, 1484,
1445, 1397, 1346, 1313, 1257, 1160, 1075, 1031, 985, 898, 841, 804, 787, 759, 700,
637, 619. GC-MS (m/z): Calcd. for C,,H,,0,: 262, Found 262 [M]*. E.A.: Calcd. for
C,,H,,0,°0.2CH,COCHj;: C, 81.56; H, 5.59. Found: C, 81.56; H, 5.56.
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393
382
371
164
652
5.344

NAME yu_NM3n_255
NO 1
Date 20141110
2343
INSTRUM ct
PROBHD 5 mm PABBO BB-
PULPROG 230

D 85
SOLVENT CDCI3
NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.08%;966 sec
DW 62.400 usec
DE 6.50 usec

TE 3012 K
o3} 1.00000000 sec
TDO 1

=z======= CHANNEL H{ ========

SFO1 4001324710 MHz
f NUG1 H
a Pi 15.00 usec
HO OH SF 4001509102 Mkt
. iz
c|d O c wow EM
d S5B 0
N B 030 Hz
Jr O 2 %
e |
b a
e f
J 11 Jx |
T T T T T T T T T
10 2 1 ppm

e d

Figure S25. 'H NMR spectrum (400 MHz, CDCl,, r.t.) of 5b.
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NAME  yo NMR_255

1
Date_ 20141110
i 23.30

Timi

INSTRUM ect
PROBHD & mm PABBO BB-
$gLPROG pg30

5!
SOLVENT cDCi3
NS 256
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec

9
RG 144
DW 20.800 usec
DE 6.50 ugec
Tl 302.6 K
D1 2.00000000 sec
D11 03000000 se<
T 1
=====cc= CHANNEL f{ ========
SFO1 100.6228298 MHz
NUC1 13C
P1 10.00 usec
8l 68
SF 100.6127568 MHz
WDW EM
8SB 0
LB 3.00Hz
GB 0
PC 1.40

Figure S26. °C NMR spectrum (100 MHz, CDCls, r.t.) of 5b.
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NAME yo_NMR_255
EXPNQ 4
PROCNO 1
Date_ 20141110
Time 3

INSTRUM _* spect
PROBHD 5 mm PABBO BB-
PULPROG cosygpaf

TD
SOLVENT CDCI3
NS 1

8
SWH 5341.880 Hz
FIDRES 2.608340 Hz
AQ 0.1917426 sec
RG 4
DW 93.600 usec
DE 6.50 usec
TE 1.2 K

301..
DO 0.00000300 sec
D1 1.48689188 sec
D13 0.00000400 sec
D16 0.00020000 sec
INO 0.00018720 sec

======== GHANNEL f1 ========
SFO1 400.1324057 MHz
NUC1 1H
PO 15.00 usec
P1 15.00 usec
NDO 1
TD 128
SFO1 400.1324 MHz
FIDRES 41.733440 Hz
SW 13.350 ppm
FnMODE QF

024
SF 400.1300086 MHz
WDW SINE
SSB 0
LB 0.00 Hz
GB
PC 1.40
Sl 1024
MC2 QF
SF 400.1300086 MHz
WDW SINE
SSB 0
LB 0.00 Hz
GB 0

Figure S27. 'H-'H COSY spectrum (400 MHz, CDCl;, r.t.) of 5b.
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PROCNO 1
cd Dats_ 20141110
Time 23.52
b a INSTRUM spect
PROBHD 5 mm PABBO BB-
e PULPROG  hsqcetgpsi2
-SrgLVENT 102?:0@3
ppm NS 2
DS 16
SWH 4000.000 Hz
: : : : FIDRES  3.906250 Hz
8 —— |-eeerrre e HETERPRe, SCCCCRITITELOTRIREE e © AQ 0.1280500 sec
H : H RG 203
105 oW 125.000 usec
E 8.50 usec
TE 307.2K
CNST2 _ 145.0000000
0o 0.00000300 sec
L 110 o1 150000000 sec
D4 0.00172414 sec
D11 0.03000000 sec
D16 0.00020000 sac
D24 0.00086207 sac
11 INO 0.00002480 sac
5 ZGOPTNS
—======= GHANNEL fl ===—e=cz
SFO1  400.1318806 MHz
NUC1 1H
: 120 P1 15.00 usec
: H : P2 30.00 usec
— : i : P28 1000.00 usac
i i H NDO 2
D 256
125 SFO1 100.6228 MHz
FIDRES  78.755043 Hz
f sw 200.365 ppm
e . : a FNMODE  Echo-Antiecho
H | 1024
; HO OH SF 400.1300087 MHz
cd | (e, [ @ o
¢l
b d i) 0.00 Hz
b GB 0
e gf: 1:)":3
135 MC2 echo-antiecho
— SF 100.6127580 MHz
WDW QSINE
SSB 2
L8 0.00 Hz
T T T T T T T T T T T T GB 0
78 77 76 75 74 73 72 71 70 69 68 67 66 ppm
Figure S28. HSQC spectrum (400 MHz, CDCl;, r.t.) of Sb.
Synthesis of 1b YO-13

HO

Benzene dimer Sb (500 mg, 1.91 mmol), NaOH (458 mg, 11.4 mmol), and THF
(50 mL) were added to a 50 mL glass flask. 1,3-Propanesultone (755 mg, 5.72 mmol)
was added dropwise to the flask. The resultant mixture was stirred at r.t. overnight. The
suspended solution was filtrated and then CH,Cl, (5 mL) and hexane (50 mL) was
added to the filtrate. The resultant solution was concentrated under reduced pressure.
The crude product was washed with water (2 mL) and 1-propanol (20 mL) to afford 1b
(0.500 g, 0.908 mmol, 48% yield) as a white solid.
'H NMR (400 MHz, CD;OD, r.t.): §2.21 (dt, J = 6.8, 6.0 Hz, 4H), 2.93 (t, J = 6.8 Hz,
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4H), 4.19 (t, J = 6.0 Hz, 4H), 6.83 (s, 1H), 7.21 (s, 1H), 7.24 (t,J = 7.2 Hz, 2H), 7.37
(dd,J =8.0,7.2 Hz,4H), 7.50 (d, J = 8.0 Hz, 4H). °C NMR (100 MHz, CD,OD, r.t.): §
26.4 (CH,), 49.6 (CH,), 68.7 (CH,), 100.4 (CH), 125.2 (C), 127.7 (CH), 128.9 (CH),
130.5 (CH), 1334 (CH), 139.8 (C,), 1574 (C,). FT-IR (KBr, cm™): 3525, 2940, 2883,
1630, 1610, 1582, 1520, 1484, 1469, 1442, 1409, 1386, 1315, 1277, 1237, 1185, 1044,
890, 816, 798, 769, 699, 656, 623. HR MS (ESI): m/z Calcd. for C,H,,NaO,S,
527.0805, Found 527.0807 [M-Na']". E.A.: Calcd. for C,,H,,Na,0,S,*1.9H,0: C,
49.29; H,4.79. Found: C,49.14; H, 4 .61.

L A M MU S M Ay )

NAME yo_NM1R_259

\OCNO 1
Date_ 20141112
Time 1539
INSTRUM ct
PROBHD & mm PABBO BB-
PULPROG 2930

T 65
SOLVENT MeQD
NS 16

DS 2

SWH 8012.820 Hz

FIDRES 0.122266 Hz
AQ 40894966 sec
RG 128

c d b bW 62400 useo
TE 0EK.
DI 1.00000000 sec
o0 1
e ======== CHANNEL { ========
SFO1 T 401326710 Mz
-033 f g 803_ SI‘ Ei155500usec:
\/\ a (\h/ SF 4001300075 MHz
0 o Wow EM
SSB 9
c i 030 Hz
r T T T T T T T 1 O d gg ‘go
75 74 73 72 71 7.0 ppm O b O :
o W e ct e o'
- A o (D ||
f
m | j l [ N
l J )

10 2 1 ppm

* s T

Figure S29. 'H NMR spectrum (400 MHz, CD;0OD, r.t.) of 1b.
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EXPNO [}
PROGN! 1
Date 20141112
Time 17.
INSTRUM ot
PROBHD 5 mm PABBO BB
PULPROG pg30
D 5!
SOLVENT MeOD
NS 512
DS 4
SWH  24038.461 Hz
FIDRES 0.366798 Hz
A 1.3631988 sec
DW 20.800 usec
DE 6.50 usec
TE 2.5 K
D1 200000000 sec:
DI 0.03000000 sec
00 1
CHANNEL f1 ==:
100.6225298 MH
13C
0.8 ; g o 4 10.00 usec
3 3
BF 1006126293 MHz
c \/\ a |/\h/ wow EM
d o 558 9
LB 3.00 Hz
ce )
FC 1.40
e
f h
Cq Cq b a
Ll |
T T B Y T
T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 10 0 ppm
. 13
Figure S30. "C NMR spectrum (100 MHz, CD;0D, r.t.) of 1b.
NAME  yo_NMR_259
EXPNQ 4
PROCNO 1
f Dale_ 20141112
Time A
h INSTRUM spect
PROBHD § mm PABBO BB-
%}LPROG cosygpaf
m SOLVENT MeOD
& : PP NS 1
i i 8
: SWH 5341.880 Hz
: FIDRES 2.608340 Hz
: AQ 0.1921 7428 sec
: F2
..................................................................... DwW 93.600 usec
d— 1 ]
g DE 6.50 usec
TE 300.9 K
DO 0.00000300 sec
[} L3 D1 1.48689196 sec
D13 0.00000400 sec
° D16 0.00020000 sec
INO  0.00018720 sec
======== GHANNEL fl ========
° r4 SFO1  400.1324057 MHz
NUG1 1H
PO 15.00 usec
P1 15.00 usec
® NDO 1
F5 D 128
SFO1 400.1324 MHz
FIDRES  41.733440 Hz
13.350 ppm
FnMODE QF
6 024
SF  400.1300039 MHz
WDwW SINE
SSB 0
— . LB 0.00 Hz
-7 gg 1.40
— 4 S| 1024
oe MC2 QF
SF 400.1300040 MHz
L8 WDwW SINE
SSB 0
B 0.00 Hz
GB 0
T T T T T T T T T T T T T T T 9
90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 ppm

Figure S31a. 'H-'H COSY spectrum (400 MHz, CD;OD, r.t.) of 1b.
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[~ EXPNO
PROGN( 1
Date_ 20141112
Tlme 16.

02
TRUM spect
PROBHD & mm PABBO BB-
PULPROG Zoixésygqu

D
m SOLVENT MeOD
pp NS 1
DS 8
SWH 5341.880 Hz
6.6 FIDRES 2608340 Hz
AQ 0.1917428 sec
RG 203
DW 93.600 usec
DE 50 usec
6.8 TE 300.9 K
- Do 0.00000300 sec
D1 1,48689198 sec
D13 0.00000400 sec
D16 0.00020000 sec
INO 0.00018720 sec
7.0
= GHANNEL f1 =
400 1(3%'4057 M
e
- .00 usec
7.2 1
TD 128
SFO1 400.1324 MHz
FIDRES 41.733440 Hz
d SW 13.350 ppm
7.4 FnMODE QF
Sl 024
SF 400.1300038 MHz
WDW SINE
B oooH
. rd
7.6 GB 0
PG 1.40
Sl 1024
MG2 QF
SF 400.1300040 MHz
7.8 WDW SINE
SSB
LB 0.00 Hz
GB 0
8.0

T T T T T T T T T T T T T T
80 79 78 7.7 76 75 74 73 72 71 7.0 69 68 6.7 66 ppm

Figure S31b. 'H-'H COSY spectrum (400 MHz, CD;0D, r.t.) of 1b.

NAME yo_NMR_25¢
7

EXPNO
PROCNO 1
f Dae_ 2141112
Tlns1$ 7.38
INSTRUM spect
a h PROBHD_ 5 mm PABBQ BB~
g PULPROG  hsgcetgpsi2
ggLVENT ! 24MeOD
ppm NS 2
DS 1
SWH 4000.000 Hz
I 20 FIDRES  3.806250 Hz
AQ 0.1280500 sec
RG 203
DW 125.000 usec
DE 8.50 usec
L a0 TE 301.8K
CNST2  145.0000000
DO 0.00000300 sec
D1 1.50000000 sec
D4 0.00172414 sac
D11 03000 sec
- 60 D16 0.00020000 sec
D24  0.00086207 sec
NO 0.00002480 sec
ZGOPTN:
L ========CHAN ===——===
80 SFO1 400. 1318806 MHz
NUC1 1H
P1 15.00 useo
H B3s 1%%8 00
H USBC
8 : 4100 DO
D %
SFO1 100.6228 MHz
FIDRES  78.755043 Hz
sw 200.365 ppm
120 FNMODE Echo-Antiacho
_ sl 1024
— Vo F  400.1300056 MHz
. wDw QSINE
] . ESB Q 0% H:
_ | .00 Hz
140 GB 0
PG 1.40
sl 1024
MC2  echo-antiecho
—3 SF 100.6126471 MHz
160 WDW QSINE
H SSB 2
B 0.00 Hz
T T T T T T T T T T T GB 0

10 9 8 7 6 5 4 3 2 1 0 ppm

Figure S32a. HSQC spectrum (400 MHz, CD;0D, r.t.) of 1b.
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EXPNO
ngcN 2g141112
[+ d b Time 17.39
INSTRUM spect
e PROBHD_ 5 mm PABBO BB-
PULPROG  hsgcetgpsi2
A D 1024
ppm ﬁgwem ) MeOD
DS 1
SWH 4000.000 Hz
FIDRES  3.906250 Hz
| 1090 AQ 0.1280500 sec
RG 203
DW 125.000 usec
e g
124 CNSTZ  145.0000000
DO 0.00000300 sec
D1 1.50000000 sec
126 D4 0.00172414 sec
D11 0.03000000 sac
DI6  0.00020000 sec
e D24 0.00086207 sec
| 128 INO 0.00002480 sec
ZGOPTN:
[T VT | —
130 SFO1  400.1318806 MHz
NUCH 1H
P1 15.00 usec
P2 30.00 usec
132 P28 1000.00 usec
NDO 2
b D 256
SFO1 100.6228 MHz
134 FIDRES  78.755043 Hz
Sw 200.365 ppm
FNMODE Echo-Antiecho
Sl 1024
136 SF 400.1300056 MHz
wow QSINE
B ooom:
138 GB 0
PC 1.40
sl 1024
MC2 acho-antiecho
140 SF 100.6126471 MHz
WDW QSINE
fgs 0. 0(23 Hz
T T T T T T T T T T T 142 GB 0
78 717 76 75 74 73 72 71 70 69 68 67 ppm
Figure S32b. HSQC spectrum (400 MHz, CD;0D, r.t.) of 1b.
Analysis Info Acquisition Date 12/17/2014 1:33:25 PM
Analysis Name D:\Data\akita\13okazawa\ben_SO3\Acq000001.d
Method esi_neg_low.m Operator BDAL@DE
Sample Name 1 Instrument micrOTOF
Comment
Intens. ] -MS, 3.8-3.8min #(226-228)
Found
3000 527.0807
2000
1000+

528.0807
529.0734

C24H240852, M+nNa ,527.08
527.0
2000  Calcd. e

10004

528.0838
500+

528.0766

530.0797

525 526 "527 528 529 530 531 532 m/z

Figure S33. HR MS spectrum (ESI) of 1b.
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Self-assembly of 2b YO-20

. l"\)

D,O

) .

Amphiphile 1b (0.4 mg, 0.8 umol) and D,O (0.4 mL) were added to a glass test

tube. When the mixture was stirred at r.t. for 1 min, the formation of 2b was confirmed
by NMR, DLS, and AFM analyses.
'H NMR (400 MHz, D,0, 2.0 mM based on 1b, r.t.): § 2.18 (dt, J = 7.6, 6.4 Hz, 4H),
300 (t,J=7.6 Hz,4H),4.26 (t,J = 6.4 Hz, 4H), 6.97 (s, 1H), 7.36 (s, 1H), 745 (t,J =
7.4 Hz, 2H), 7.54 (dd, J = 8.0, 7.4 Hz, 4H), 7.58 (d, J = 8.0 Hz, 4H). "C NMR (125
MHz, D,0, 2.0 mM based on 1b, r.t.): § 26.2 (CH,), 48.0 (CH,), 67.7 (CH,), 100.6 (CH),
1244 (C), 127.3 (CH), 1284 (CH), 129.5 (CH), 132.2 (CH), 137.4 (C)), 155.5 (C).
DOSY NMR (400 MHz, D,0, 2.0 mM based on 1b,25°C): D=5.01 x 10" m*s™".

fedIer-2283% NET 222228389

BRIERHSILIIES NEF SERNRRIerx
NAME  yo_NMR_260
EXPNO 2
PROCNO 1
Date_ 20141112
Time 22.2

INSTRUM
PROBHD 5 mm ABBO BB-
PULPROG 2930

€5
SOLVENT D20
NS 32

c D§
SWH amz 820 Hz
FIDRES  0.122266 Hz
AQ 4.0834966 sec
RG 203
DW 62.400 usec
DE 6.50 usee
TE 300.8 K
D1 1.00000000 sec
DO 1
- 0.8 9 so. ======== GHANNEL f{ ========
3 \/\ f I/\/ 3 SFO1  400.1324710 MHz
a h NUCH 1H
0 0 P1 15.00 usec
] 65536
c SF_ 400.1299656 MHz
T T T T 1 O _ d \éVSDBW OEM
76 75 74 73 72 74 ppm O PR ) 030Hz
— +
W mgr j f '8’ yg{ e 2Na FC 1.0
f
h
| J j |
T T T T T T T T T T T
10 7 6 ppm

Figure S34. 'H NMR spectrum (400 MHz, D,0, 2.0 mM based on 1b, r.t.) of 2b.
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NAME  yo NMR 260

EXPNO

PROGNO 1

Date_ 20141114

Time: 12.34

INSTRUM ect
PROBHD & mm CPPBBO BB
PULPROG P30

TD 5!

SOLVENT D20

NS

1792
4

DS
SWH 27573.529 Hz
;:I)JRES 0.420739 Hz

1.1884362 sec
RG 191.56
DW 18.133 usec
DE 18.00 usec
TE

298.0 K
D1 2.00000000 sec
D11 0.030(1)0000 sec

TDO

=====cc= CHANNEL f{ ========
SFO1 125.7703648 MHz
NUC1 13C

gl1 10.00 usec

8F 126.7577890 MHz
WDW EM

888 0

LB 3.00Hz

GB 0

PG 1.40

T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

Figure S35. °C NMR spectrum (125 MHz, D,0, 2.0 mM based on 1b, r.t.) of 2b.

NAME yo_NI\ogaR_ZSO

CNO 1
Date 20141112

Time

INSTRUM spect
PROBHD 5 mm PABBQ BB-
PULFROG cosygpaf

A ™ 2048
ppm SOLVENT D20
NS 1
SWH 5341.880 Hz
FIDRES  2.608340 Hz
AQ 0.19717428 sec
) 203
) Dw $3.600 usec
DE 6.50 usec
TE 300.8 K
Dy 3 desderon e
[ o gec
— o ° 3 D3 0.00000400 sec
Di6  0.00020000 sec
INO  0.00018720 sec
E ======== CHANNEL f{ ========
4 SFO1  400.1324057 MHz
® @ NUGCH TH
PO 15.00 usec
P1 15.00 usec
3] NDO 1
] 128
SFO1 400.1324 MHz
FIDRES  41.733440 Hz
SW 13.350 ppm
FnMODE QF
Le 024
SF  400.1299646 MHz
WDW SINE
$58
(B 0.00 Hz
— . E7 GB 0
& 1094
.
é & MG2 QF
SF 400.1299647 MHz
L WDW SINE
$58
B 0.00 Hz
GB 0
9

T T T T T T T T T T T T T T T
90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 1.5 ppm

Figure S36a. 'H-'H COSY spectrum (400 MHz, D,0, 2.0 mM based on 1b, r.t.) of 2b.
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NAME  yo_NMR_260
EXPNO 3

PROGNO 1
Date_ 20141112
Time 22.24
INSTRUM

spect
PROBHD 5 mm PABBO BB-
;BJLPHOG cosygpqf
SOLVENT D20
NS 1

8
5341.880 Hz
FIDRES 2.608340 Hz
AQ 1917428 sec
RG 03
DW 93.600 usec
DE 6.50 usec

TE 300.8 K

Do 0.00000300 sec:
D1 1.48689198 sec
D13 0.00000400 sec
D16 0.00020000 sec
INO 0.00018720 sec

======== GHANNEL f| ========
SFO1 400.1324057 MHz
NUC1 1H

Pg 15.00 usec

Pi 15.00 usec

NDO 1

T 128
SFO1 400.1324 MHz
EIVI\)IRES 41.733440 Hz

13.350 ppm
FnMODE QF
Sl 24
SF 400.1299646 MHz
WDW SINE

0
LB 0.00 Hz
G 0
PG 1.40
Sl 1024
MG2 QF
SF 400.1299647 MHz
WDW SINE
$SB 0
LB 0.00 Hz
GB 0

Figure S36b. 'H-'H COSY spectrum (400 MHz, D,0, 2.0 mM based on 1b, r.t.) of 2b.
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NAME  yo NMR 260
EXPNO 7

PROCNO 1
Date_ 20141115
Time 0.18

INSTRUM spect
PROBHD 5 mm PABBO BB-
P[L)JLFROG 1!'6sgcetgpsi2

Tl 4
SOLVENT D20
N 16

1
SWH 4000.000 Hz
;IDHES 3.906250 Hz

Q 0.1280500 sec
RG 203
DW 125.000 usec
DE 6.50 usec
TE 3011 K
CNST2  145.0000000
Do 0.00000300 so¢
D1 1.50000000 sec

D4 0.00172414 sec
D11 0.03000000 sec

D24 0.00086207 sac
INO 0.00002480 sec
ZGOPTNS

= CHANNEL f
SFO 400.1318806 MHz
NUC1 1H
P1 15.00 usec
P2 30.00 usec
P28 1000.00 usec
NDO 2
TD
SFO1 100.6228 MHz

FIDRES 78.755043 Hz
SwW 200.365 ppm
FnMODE  Echo-Artiecho
8l 1024

SF 400.1289728 MHz
WDW QSINE

85B 2

LB 0.00 Hz
GB 0

PC 1.40
8l 1024

MC2  echo-antiecho
SF 100.6127690 MHz
w QSINE

2
LB 0.00 Hz
GB 0

Figure S37a. HSQC spectrum (400 MHz, D,0, 2.0 mM based on 1b, r.t.) of 2b.
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(o} 1
20141115
0.18

spect
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PULPROG %sq‘fetgpslz

ggLVENT > D20
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: DS 16
: SWH 4000.000 Hz
; FIDRES  3.806250 Hz
H | 122 AQ 0.1280500 sec
i RG 203
H DW 125.000 usec
| e g
: 124 CNSTZ  145.0000000
i DO 0.00000300 sec
i D1 150000000 sec
: |- 126 D4 0.00172414 sec
i D11 0.03000000 sec
e i D16  0.00020000 sec
| o s
H - . sec
d i 128 ZGOPTNS
c ======== CHANNEL f1 ========
i 130 SFO1  400.1318806 MH2
H NUC1 1H
: Pl 15.00 usec
; 132 P25 100000 s
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Figure S37b. HSQC spectrum (400 MHz, D,0, 2.0 mM based on 1b, r.t.) of 2b.
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Figure S38. DOSY NMR spectra (400 MHz, 25 °C) of a) 1b in CD;0OD and b) 2b in D,0 (2.0

mM based on 1b).
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Figure S39. Concentration-dependent particle size distribution of 2a by DLS analysis (H,O,
r.t.):a) 1.0,b) 2.0,¢) 5.0, and d) 10 mM based on 1a.
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Figure S40. Concentration-dependent particle size distribution of 2b by DLS analysis (H,O,
r.t.):a) 1.0,b) 2.0,¢) 5.0, and d) 10 mM based on 1b.
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Figure S42. Concentration-dependent UV-vis spectra (H,O, r.t.) of a) 2a and b) 2b.
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Figure S43a. Concentration-dependent fluorescence spectra (H,O, r.t.) of a) 2a and b) 2b.
Excitation wavelengths: 4., = 286 nm for 2a, A, = 299 nm for 2b.

a) b)

1.0 1.0 0.001 mM

[0] [0

[$] o

o 15 0.01,0.1,1.0 mM

[$] [$]

(7] n

@ o

S S

2 0.5 2 0.57

el el

[0 [0

RN N

© ©

g £

(o] / o

Z 0 T T T T T Z 0 T T T T T
290 320 350 380 410 440 nm 290 320 350 380 410 440 nm

Figure S43b. a) Fluorescence spectra (A., = 286 nm, 1.0 mM based on 1a,r.t.) of 1a (CH;0H)
and 2a (H,0). b) Concentration-dependent fluorescence spectra (A, = 286 nm, 1.0,0.1,0.01,
and 0.001 mM based on 1a,r.t.) of 2a in H,O.
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Figure S44. 'H NMR spectra (400 MHz, D,0, r.t.) of 2a, 2¢, and 2a + 2¢ (1.0 mM based on the
corresponding monomer).
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Figure S45. a) UV-vis and b) fluorescence spectra (H,O, r.t., A., = 286 nm) of the 1:3, 1:1, and
3:1 mixtures of 2a and 2¢ (1.0 mM based on the corresponding monomer).

Synthesis of 2a-c+(3),

2a-c + ———2a-c*(3),
H,0

Fluorescein (3)

Fluorescein (3; 0.33 mg, 1.0 pmol) was added to a H,O solution (2.0 mL) of 2a-c
(2.0 umol based on 1a-c¢) in a micro tube. The suspend mixture was stirred at r.t. for 1 h.
After filtration, the resulting green solution including 2a-c*(3), was confirmed by

UV-vis and fluorescence analyses.
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Synthesis of 2a-c+(4),

Br Br
HO

.
2a-c + Br = Br ————— > 2a-c*(4),

O COOH H20

Eosin Y (4)

Eosin Y (4; 0.65 mg, 1.0 umol) was added to a H,O solution (2.0 mL) of 2a-c
(2.0 umol based on 1a-c¢) in a micro tube. The suspend mixture was stirred at r.t. for 1 h.
After filtration, the resulting red solution including 2a-ce(4), was confirmed by UV-vis

and fluorescence analyses.
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Figure S46. Particle size distribution of a) 2a*(3),, b) 2b*(3),, c) 2¢*(3),, d) 2a*(4),, e¢) 2b*(4),,
and f) 2c*(4), by DLS analysis (H,O, 1.0 mM based on the corresponding monomers, 1.t.).
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Figure S47. (a) Schematic representation of the formation of a complex mixture of
nanoassemblies (1c¢),*(1d),, in water. (b) Normalized UV-visible and (c) fluorescence spectra
(H,0, r.t., A, = 293 nm) of 2¢, 2d, and 2¢ + 2d (1.0 mM based on 1c.d each).
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Figure S48. (a) Schematic representation of the formation of a complex mixture of
nanoassemblies (1c¢),*(1le),, in water. (b) Normalized UV-visible and (c) fluorescence spectra
(H,0, r.t., A, = 293 nm) of 2c¢, 2e, and 2¢ + 2e (1.0 mM based on 1c,e each).
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core diameter: ~1.0 nm core diameter: ~1.2 nm core diameter: ~1.5 nm
outer diameter: ~2.0 nm outer diameter: ~2.5 nm outer diameter: ~3.0 nm

Figure S49. Optimized structures of spherical assemblies (a) (1a),, (b) (1a)s, and (c) (1a)s.
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Figure S50. '"H NMR spectra (400 MHz, D,0, r.t.) of 2a*(3), (20 mM based on 1a) and 3
(saturated concentration).
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