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1. Materials and Methods

The preparation of RAFT agents and polymers were conducted under an argon atmosphere by using
standard Schlenk techniques, unless otherwise mentioned. N-Isopropyl acrylamide (NIPAAm) was
purchased from Kanto Chemical Co., Inc. and recrystallized from hexane/toluene prior to use.
Bis(chloromethyl)benzene, (tert-butyldimethylsilyl)acetylene, sodium azide, potassium ethyl
xanthogenate, 2-ethynyl pyridine, copper(I) bromide, N,N,N,N",N"-
pentamethyldiethylenetriamine (PMDETA), tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]amine
(TBTA), sodium p-styrene sulfonate, bis(acetonitrile)dichloropalladium, dichloro(1,5-
cyclooctadiene)palladium, tetrabutylammonium fluoride (1.0 M in tetrahydrofuran) were
purchased from Tokyo Chemical Industry Co., Ltd. and wused as received. 2,2'-
Azobis(isobutyronitrile) (AIBN), dimethylacetamide (DMA) were purchased from Kanto
Chemical Co., Inc. and used without further purification. 4,4'-Azobis(4-cyanovaleric acid) (V-501)
was purchased from FUJIFILM Wako Pure Chemical Corporation. 1-Bromo-4-iodobenzene was
purchased from Sigma-Aldrich Co. LLC. and used without further purification. The diblock
copolymer NS was prepared as previously reported.!-® Dialysis was performed using Spectra/Por®
RC tubing MWCO: 1.0 kD, 3.5kD). Deionized water was obtained on WE-200 (Yamato Scientific
Co., Ltd.). NMR spectra were recorded on JEOL ECA 500 and Bruker Avance III HD400
spectrometers. Gel permeation chromatography (GPC) was measured on PU-4580 and RI-4030
system (JASCO Corporation) equipped with Shodex GPC KD-802 and KD-803 columns (Showa
Denko K.K.) using N, N-dimethylformamide (DMF) (0.1 wt% LiBr) as eluent; the molecular weight
of the polymers was determined based on monodispersed poly(ethylene oxide) as standard, and 'H
NMR spectroscopy as well. Scanning transmission electron microscopy (STEM) was recorded on
HITACHI Cs-corrected STEM HD-2700 with accelerating voltage of 200 kV, EDX on AMETEK
EDAX Octane T Ultra W with 100 mm? SDD (Hitachi High-Tech Corporation) measured by
CLEARIZE Co. Ltd. and JEM-ARM200F Thermal FE (STEM SDD) at The University of Tokyo.



2. Preparative methods for the compounds
2-1. 1-(Azidomethyl)-4-(chloromethyl)benzene °

Cl N3
cl + NaNj S cl

DMF 20 mL
6 mmol 4 mmol 70°C,5h 63%

In a thoroughly dried Schlenk tube filled with argon, sodium azide (260 mg, 4.0 mmol), 1,4-
bis(chloromethyl)benzene (1.05 g, 6.0 mmol) was dissolved in DMF (20 mL), and the mixture was
stirred at 70 °C for 5 h. The mixture was filtered through Celite™ and the volatile was removed in
vacuo from the filtrate, and the residue was extracted dissolved in diethyl ether. The solution was
washed with water and the organic layer was dried over magnesium sulfate. The desiccant was
filtered off, and the filtrate was concentrated. The residue was purified by column chromatography
on silica gel (chloroform/hexane = 1/9) to afford the title compound as colorless oil (460 mg, 63%).
"H NMR (CDCl3, MesSi, 500 MHz): & = 4.34 (s, 2H, CH>), 4.59 (s, 2H, CHz), 7.31 (d, J= 10 Hz,
2H), 7.41 (d, J=10 Hz, 2H).

BC{'H} NMR (CDCIl3, MesSi, 125 MHz): § =31.6, 40.2 (CH>), 114.4, 114.9, 121.5 (q), 123.5 (q).
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2-2. S—(4-(Azidomethyl)benzyl) O-ethyl carbonodithioate (4). '

N3/\©\/ )J\ /\@\/
+ R
cl KS” 07
MeOH 18 mL

. 2.2 mmol rt,2h
2.0 mmol 493%

A 100 mL Schlenk tube was dried and filled with argon. In this tube, 1-(azidomethyl)-4-
(chloromethyl)benzene (0.361 g, 2.0 mmol) in MeOH (9 mL) and potassium ethyl xanthogenate
(0.358 g, 2.2 mmol) in MeOH (9 mL) were added and the mixture was stirred at r.t. for 2 h. To the
reaction mixture was added water and extracted with diethyl ether (50 mL x 3). The organic layer
was washed twice with water and dried over magnesium sulfate. The desiccant was filtered off and
the volatile was removed in vacuo from the filtrate. The residue was purified with column
chromatograph on silica gel (CHCls/hexane = 1/3) to give 4 as colorless oil (0.499 g, 93%)).

'"H NMR (CDCIls, MesSi, 500 MHz): 6 = 1.42 (t, J = 7 Hz, 3H, CH;), 4.32 (s, 2H, CH>), 4.37 (s,
2H, CH»), 4.65 (qt, J=7 Hz, 2H, OCH>), 7.27 (d, J= 10 Hz, 2H), 7.37 (d, J = 10 Hz, 2H).
BC{!H} NMR (CDCls, MesSi, 100 MHz): § = 13.8 (CH3), 40.0, 54.5, 70.2 (CHz), 128.5, 129.6,
(CH), 134.9 (q), 136.1 (q), 213.8 ().
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2-3. Preparation of the RAFT agent bearing N,N-ligand 2.

CuBr 10 mol%
72 N NS/\©\/ PMDETA 1.5 equiv. O_(/\N/\@\/
— S__0O
& > oK
S

in DMSO 3 mL

rt,4h 2 86%

A Schlenk tube was dried, and the azide 4 (381 mg, 1.43 mmol), 2-ethynyl pyridine (147 mg, 1.43
mmol), copper(I) bromide (21 mg, 0.143 mmol), PMDETA (372 mg, 2.15 mmol) were dissolved
in DMSO (5.8 mL), and the solution was stirred at r.t. for 4 h. The reaction mixture was extracted
twice with ethyl acetate and water, and the organic layer was dried over magnesium sulfate. The
desiccant was filtered off, and the filtrate was concentrated in vacuo to leave reddish solid. The
residual solid was purified by column chromatograph on silica gel (chloroform/hexane = 1/1) to
afford the title compound as light-yellow solid (458 mg, 86%).

"H NMR (CDCIl3, MesSi, 500 MHz): 6 = 1.41 (t,J =7 Hz, 3H, CH3), 4.36 (s, 2H, SCH>), 4.65 (qt,
J=17Hz, 2H, OCH>), 5.56 (s, 2H, NCH>), 7.20-7.23 (m, 1H), 7.28 (d, /= 8 Hz, 2H), 7.37 (d, J =
8 Hz, 2H), 7.77 (td, J =8, 1 Hz, 1H), 8.04 (s, 1H), 8.17 (d, /= 8 Hz, 1H), 8.54 (d, /=5 Hz, 1H).
BC{'H} NMR (CDCl3, MesSi, 125.8 MHz): § = 13.8 (CH3), 39.8, 54.0, 70.2 (CH2), 120.3, 121.9,
122.9, 128.6, 129.9, 133.7 (q), 136.9 (q), 137.0, 149.4, 150.2 (q), 213.7 (q).

High resolution MS (ESI): caled. for CisHisN4OS2 (M + Na) = 393.0820, found = 393.0809.
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2-4. Preparation of the homopolymer PNIPAAm bearing pyridyl triazole end 2-N’
H
N
/}(
T

N
W'}‘ AIBN 0.33 equiv /_\ N S O~
=N N=N S\H/O\/ —_ > N N \”/
) s

DMA "s
60 °C, 24 h 07 >NH

Typical procedure for polymerization of N-isopropylacrylamide (NIPAAm) using 2 as a RAFT
agent is as follows. A thoroughly dried Schlenk tube (25 mL) was filled with argon. In this vessel,
RAFT agent 2 (100 mg, 0.270 mmol), NIPAAm (0.611 g, 5.4 mmol), 2,2’-azobis(isobutyronitrile)
(AIBN) (15 mg, 0.09 mmol) were dissolved in dimethylacetamide (DMA) (5 mL) and degassed in
three freeze-pump-thaw cycles. The solution was stirred at 60 °C for 24 h, and the mixture was
poured into hexane/diethyl ether (300/100 mL). Yellow precipitate was dried in vacuo to afford the
title compound as pale yellow solid (752 mg, quant.). The polymer was characterized by 'H NMR
spectroscopy to determine polymerization degree (PD = 21, Mh = 2,745). GPC Mn = 2,578, Mw =
2,948, Mw/Mn = 1.14 (based on PEG standard).

"H NMR (CDCls, MesSi, 500 MHz): 6 = 4.01 (br, NH), 5.63 (s, 2H, NCHzAr), 7.77 (s, 1H), 8.03
(s, 1H), 8.16 (s, 1H), 8.53 (s, 1H).
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GPC chromatogram of 2-N’ (n = 21).
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2-5. Preparation of 2-N: Removal of the xanthogenate terminus of 2-N’ !!

7 \_/ N /7 N_¢ N
MN S\[(o\/ EtyN-HsPO, 7 equiv _ =N H

n S V-501 7 equiv. N n

07 "NH i 07 "NH
2N’ /K 80°C. 5 2N /K
Typically, in a dried Schlenk tube, the polymer 2-N' (710 mg 0.259 mmol), triethylammonium
hypophosphite (376 mg, 1.82 mmol), V-501 (510 mg, 1.82 mmol) were dissolved in DMSO (14
mL). The mixture was degassed by three cycle of freeze-pump-thaw. The mixture was stirred at
80°C for 5 h. Yellowish solution was dialyzed (MWCO = 1.0 kD), and the solution was dried in
vacuo to give 2-N white-yellow solid (422 mg, n = 21, 62%). Elemental analysis showed that the
amount of sulfur element in 2-N was less than detection limit.

'H NMR (CDCls, MesSi, 500 MHz): § = 3.99 (br, NH), 5.54 (s, 2H, NCH>Ar), 7.77 (s, 1H), 8.05
(s, 1H), 8.17 (s, 1H), 8.54 (s, 1H).

'H NMR (n = 32)

941
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2-5. Preparation of ligand-tethered diblock copolymer 2-NS.

10 equiv
N so Na
O " O
N~ AIBN 0.3 equw Nn=N
DMSO
65°C,22h
SOzNa
N
et aa: '
— =N
EtsN-H3PO, 7 equiv N N 31b 10
V-501 7 equw
in DMF
N 80°C,5h 2-NS
SOgNa SOgNa

In a dried Schlenk tube filled with argon, the polymer 2-N> PNIPAAm (200 mg, 0.0516 mmol),
sodium p-styrene sulfonate (106 mg, 0.516 mmol), AIBN (14.1 mg, 0.0086 mmol) were dissolved
in DMSO (5 mL) and the solution was degassed by freeze-pump-thaw for three times. The solution
was stirred at 65 °C for 22 h. Yellow solution was dialyzed (MWCO = 3.5 kD) in water. The mixture
was dried in vacuo to give yellowish solid (245 mg, 80%). The polymer 2-NS’ was identified by
"H NMR and polymerization degree was determined (Mn = 5,900).

NMR (D20, MesSi(CH2)3SO3Na, 500 MHz): 6 = 3.89 (br, CO-NH-CH), 5.65 (s, 2H, N-CH:-Ph),
6.08-8.10 (br, Ph), 8.44 (s, 1H), 8.54 (s, 1H).

The xanthogenate terminus was removed in a similar manner to 2-N” to furnish 2-NS.

'"H NMR (D20, Me3Si(CH2)3SO3Na, 500 MHz): 8 = 3.89 (br, CO-NH-CH), 5.65 (s, 2H, N-CH>-
Ph), 6.08-8.10 (br, Ph), 8.44 (s, 1H), 8.54 (s, 1H).

'"H NMR
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2-6. Preparation of polymer-immobilized Pd-complex Pd-2-N.

=N NN

In a dried test tube with a screw cap, the polymer 2-N (n = 21, 279 mg, 0.106 mmol), PdClz2(cod)
(30 mg, 0.106 mmol) were dissolved in acetonitrile (9 mL) and the mixture was stirred at 60 °C for
6 h. The yellow clear solution turned to reddish, and the mixture was poured into hexane/diethyl
ether (4/1) to precipitate polymer. Solid was filtered and dried in vacuo to leave dark brown solid
(299 mg). The product was identified by "H NMR and ICP analysis. ICP analysis showed 3.9 wt%

2-N

0]

L

MeCN
60 °C, 6 h

- \=p
N/
Pd

Cl

of Pd content, which is consistent with the calculated value (3.8 wt% Pd).

'H NMR (D:0, Me3Si(CH2):S03Na, 500 MHz): § = 3.89 (br, NH), 5.91 (s, 2H, NCH Ar), 6.14-

8.27 (br, Ar), 9.00 (s, 1H), 9.47 (s, 1H).

'"H NMR
5 8  =su
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2-7. Preparation of 5. 12
CuBr 10 mol%

O{ + N PMDETA 1.5 equiv. WN

in MeOH 3 mL
rt.,3h

597%

In a dried Schlenk tube filled with argon, and benzyl azide (133 mg, 1.0 mmol) and 2-
ethynylpyridine (103 mg, 1.0 mmol), copper(l) bromide (14.3 mg, 0.1 mmol) and PMDETA (260
mg, 1.5 mmol) were dissolved in methanol (3 mL). The mixture was stirred at r.t. for 3 h, and
concentrated in vacuo. The residual solid was purified by column chromatograph on silica gel
(ethyl acetate/hexane = 1/2) to afford the title compound as white solid (228 mg, 97%).

'H NMR (CDCls, MesSi, 500MHz): § = 5.59 (s, 2H, N-CH>-Ph), 7.21 (td, J= 5 Hz, 1H, Py), 7.33-

7.40 (m, 5H, Ph), 7.77 (td, J="7.5 Hz, 1H, Py), 8.05 (s, 1H, Taz), 8.18 (d, /= 10 Hz, 1H, Py), 8.54
(d, J=5 Hz, 1H, Py).

"H NMR

1T S R
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2-8. Preparation of small molecule Pd complex Pd-5.!2

/N /N PdCl,(cod) 1 equiv. 7 N N@
N N N ¥

in CHCl,
rt,1h }Dd

\
Cl Cl
Pd-5

5

In a dried Schlenk tube, ligand 5 (76 mg, 0.32 mmol) and PdCIz(cod) (92 mg, 0.32 mmol) were
dissolved in chloroform (20 mL) and the mixture was stirred at r.t. for 1 h. Yellow suspension was
filtered, and the collected solid was washed with hexane. The solid was dissolved in DMF to
recover and the solvent was removed in vacuo to give dark orange solid (68 mg, 82%).

"H NMR (DMSO-ds, MesSi, 500 MHz): & = 5.85 (s, 2H, CH2), 7.36-7.49 (m, 5H), 7.70 (t, J= 6.5
Hz, 1H), 8.20 (d, /= 7.5 Hz, 1H), 8.30 (t, /= 8.3 Hz, 1H), 8.99 (d, /= 5.6 Hz, 1H), 9.21 (s, 1H).

"H NMR
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2-9. Preparation of 2-phenyl-1,10-phenanthroline.!3 14

1) BrPh (3 equiv) 2) H* 3) MnO,

+ n-BulLi (2.4 equi i
y \ (2.4 eq =) 2 equiv
=N N= in Et20 CH2C|2
0 °C, overnight rt.4h

A Schlenk tube was thoroughly dried and filled with argon. In this tube, bromobenzene (942 mg,
6.0 mmol) was dissolved in anhydrous diethyl ether (10 mL) and the solution was cooled at —78 °C.
To this solution was added n-butyllithium (1.6M in n-hexane, 3 mL, 4.8 mmol) dropwise and the
mixture was allowed to warm to 0 °C and stirred for 1 h to prepare phenyllithium. Meanwhile,
1,10-phnenthroline (360 mg, 2.0 mmol) was dissolved in anhydrous diethyl ether (7 mL) in a dried
Schlenk tube and the solution was cooled at —78 °C. To this solution, prepared phenyllithium
solution was added dropwise and stirred at —78 °C for 3 h. The solution was then warmed up to
0 °C and stirred for additional 18 h. Aqueous sodium hydroxide (5 wt%, 50 mL) was added to the
reaction mixture and extracted with dichloromethane (50 mL x 3), and combined organic layer was
concentrated to ca. 100 mL. in vacuo. Manganese oxide (350 mg, 4.0 mmol) was added to this
solution and stirred at r.t. for 4 h. The solution was dried over magnesium sulfate and filtered. The
volatiles were removed in vacuo from the filtrate, and the residue was purified by column
chromatograph on silica gel (ethyl acetate/hexane = 1/1 to 1/0) to afford the title compound as
colorless liquid (365 mg, 71%). Recycling preparative HPLC may be applied for purification.

'H NMR (CDCls, MesSi, 500 MHz): § = 7.47 (t, J = 7.0 Hz,1H), 7.55 (t, J= 7.7 Hz, 2H), 7.64 (dd,
J=8.1,4.6 Hz, 1H), 7.78 (d, J= 9 Hz, 1H), 7.81 (d, J= 9 Hz, 1H), 8.10 (d, J= 8.2 Hz, 1H), 8.25
(d,J=8 Hz, 1H), 8.30 (d, J= 8 Hz, 1H), 8.34 (d, /= 8 Hz, 2H), 9.24 (d, J = 4.5 Hz, 1H).

'"H NMR
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2-10. Preparation of 1-bromo-4-[2-[(1,1-dimethylethyl)dimethylsilyl]ethynyl]benzene (S12). 13
PdCI,(PPhg), 1 mol%

Cul 2 mol%
o NEt; 3 equiv TBS—— < > Br
TBS— + | Br
THF
rt.0.5h S§12

In a dried Schlenk tube, PdCl2(PPhs)2 (35 mg, 0.05 mmol), copper(I) iodide (19 mg, 0.1 mmol),
triethylamine (1.52 g, 15 mmol) were dissolved in THF (6.7 mL) and the solution was degassed by
three freeze-pump-thaw cycles. To this solution, (tert-butyldimethylsilyl)acetylene (740 mg, 5.25
mmol) and 1-bromo-4-iodobenzen (1.42 g, 5.0 mmol) was added and stirred at r.t. for 0.5 h. The
gray mixture was quenched by sat.NH4Cl and extracted by diethyl ether. Combined organic layer
was washed with deionized water and brine, and dried over magnesium sulfate. The desiccant was
filtered off and the filtrate was concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane) to afford S12 as colorless liquid (1.38 g, 94%).

'H NMR (CDCls, MesSi, 500 MHz): & = 0.18 (s, 6H, SiCH3), 0.99 (s, 9H, CH3), 7.32 (d, J = 8.5
Hz, 2H), 7.43 (d, J = 8.5 Hz, 2H).

13C{'H}! NMR (CDCls, CHCls = 77.36, MesSi, 100 MHz): § = —4.3 (CH3), 17.0 (q), 26.5 (CH3),
94.3 (q), 104.9 (q), 122.5 (q), 123.0 (q), 131.8 (CH), 133.8 (CH).

'"H NMR
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13C{'H} NMR
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2-11. Preparation of 2-(4-((tert-butyldimethylsilyl)ethynyl)phenyl)-9-phenyl-1,10-phenanthroline
(S13).

In a dried Schlenk tube, 2-phenyl-1,10-phenanthroline (858 mg, 2.92 mmol) was dissolved in
anhydrous diethyl ether (5 mL) and the solution was cooled at —78 °C. To this solution, n-
butyllithium (1.6 M in n-hexane, 1.83 mL, 2.92 mmol) was added dropwise and stirred at —78°C
for 3 h. The mixture was kept at —40 °C and additionally stirred for 16 h to prepare an aryllithium
reagent. Meanwhile, S12 (374 mg, 1.46 mmol) was dissolved in diethyl ether (5.8 mL) in a Schlenk
tube and cooled at —78 °C. To this solution, the prepared aryllithium was added dropwise at —78 °C.
The mixture was allowed to warm up to 0 °C and stirred for 16 h. Aqueous sodium hydroxide (5
wt%, 50 mL) was added to the reaction mixture and extracted with dichloromethane (50 mL % 3),
and combined organic layer was washed once with NaOHaq (10 wt%). The solution was filtered
and the filtrate was concentrated to ca. 100 mL. in vacuo. Manganese oxide (250 mg, 2.9 mmol)
was added to this solution and stirred at r.t. for 5 h. The solution was dried over magnesium sulfate
and filtered. The volatiles were removed in vacuo from the filtrate, and the residue was purified by
column chromatograph on silica gel (hexane/ethyl acetate = 9/1) to afford the title compound as
colorless liquid (254 mg, 37%). Recycling preparative HPLC may be applied for purification.

"H NMR (CDCl3, MesSi, 500 MHz): & = 0.23 (s, 6H, Si(CHs)2), 1.04 (s, 9H, Si-C(CH;)3), 7.51 (4,
J=7.1 Hz,1H), 7.60 (t, J = 7.5 Hz, 2H), 7.70 (d, J = 8.5, 2H), 7.79 (d, J = 8.8 Hz, 1H), 7.81 (d, J
=8.8 Hz, 1H), 8.15 (d, 8, 1H), 8.16 (d, 8, 1H), 8.32 (dd, /= 8.6, 2.2 Hz, 2H), 8.43-8.47 (m, 4H).

'"H NMR
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2-12. Deprotection of TBS group from S13: Preparation of 11

In dichloromethane (5 mL), S13 (254 mg, 0.540 mmol) and tetrabutylammonium fluoride (1.0
M in tetrahydrofuran, 0.594 mL, 0.594 mmol) were dissolved. The solution was stirred at r.t. for 5
h, and volatiles were removed in vacuo. The residue was purified by column chromatograph on
silica gel (hexane/ethyl acetate = 4/1) to furnish 11 as colorless oil (186 mg, 97%).

'"H NMR (CDCIl3, MesSi, 500 MHz): § = 3.21 (s, 1H, C=CH), 7.51 (t,J=7.1 Hz, 1H), 7.60 (t, J=
7.5 Hz, 2H), 7.72 (d, J= 8.5, 2H), 7.80 (d, J = 8.5 Hz, 1H),7.82 (d, J = 8.5 Hz, 1H), 8.14-8.18 (m,
2H), 8.33 (dd, J = 8.6, 2.2 Hz, 2H), 8.44-8.47 (m, 4H).

'"H NMR
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2-13. RAFT agent with NNC-pincer ligand 3.

CuS0O,4 10 mol%
TBTA 10 mol%
Na ascorbate 20 mol%
_—

t+-BUOH / H,0 / CH,Cl,
11.2mL’(2/1/1.2)
rt, 48 h

The cycloaddition reaction condition was according to similar substrates. '°

In a dried Schlenk tube, 11 (0.185 g, 0.52 mmol) and 4 (0.139 g, 0.52 mmol), tris[(1-benzyl-1H-
1,2,3-triazol-4-yl)methyl]lamine (TBTA) (0.0275 g, 0.052 mmol), sodium L-ascorbate (0.0207 g,
0.104 mmol) were added in ‘BuOH (5.3 mL)/ H20 (2.7 mL)/ CH2Cl2 (3.2 mL). After stirring until
the substrates were dissolved, copper(Il) sulfate (82.9 mg, 0.052 mmol) was added and the mixture
was stirred at r.t. for 48 h. The solution immediately turned black. After the reaction completed,
volatiles were removed in vacuo. Potassium cyanide (329 mg, 5.05 mmol) in water (50 mL) and
methanol were added to the residue and sonicated for 1 h. The mixture with light yellow precipitate
was concentrated in vacuo to remove volatiles, and the concentrated aqueous mixture was extracted
with dichloromethane. The organic layer was washed twice with deionized water and dried over
magnesium sulfate. The desiccant was filtered off and the filtrate was concentrated in vacuo. The
residue was purified by column chromatograph on silica gel (hexane/ethyl acetate = 1/1) to afford
the title compound as yellow solid (281 mg, 87%)).
"H NMR (CDCls, MesSi, 500 MHz): 6 = 1.42 (t, J = 7.3 Hz, 3H, CH3), 4.38 (s, 2H, CH>S), 4.66
(qt,J=7.3 Hz, 2H, OCH>), 5.59 (s, 2H, NCH>), 7.29 (d, J= 8.1 Hz, 2H, CH>), 7.40 (d, /= 8.1 Hz,
2H, CH»), 7.50 (t, /= 7.4 Hz, 1H), 7.59 (t, J = 7.5 Hz, 2H), 7.79 (d, J = 6 Hz, 2H), 7.80 (s, 1H),
8.03 (d, /= 8.5 Hz, 2H), 8.17 (t, J= 8.5 Hz, 2H), 8.32 (dd, /= 8.5, 1.1 Hz, 2H), 8.47 (dd, /= 8.1,
1.1 Hz, 2H), 8.53 (d, J= 8.5 Hz, 2H).
BC{'H} NMR (CDCls, MesSi, 125.8 MHz): § = 13.8 (CH3), 39.9 (CH2), 53.9 (CH2), 70.3 (CH>),
119.9 (CHx%2), 120.1 (CH), 126.06 (CH), 126.10 (CHx2), 127.7 (CHx2), 127.99 (q), 128.03 (q),
128.11 (CHx2), 128.40 (CHx2), 128.87 (CH%2), 129.52 (CH), 129.91 (CHx2), 131.45 (q), 133.98
(q), 136.87 (q), 136.99 (CHx*2), 139.09 (q), 139.42 (q), 146.07 (q), 146.12 (q), 148.00 (q), 156.12
(q), 156.86 (q), 213.69 (q).
High resolution MS (ESI): [M-H] cald for C37H30NsOS2= 624.1892, found = 624.1866.
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2-14. Polymerization of N—isopropylacrylamide using 3 as a RAFT agent.

'y

ﬁ AIBN 0.15 equ|v STO\/
n
DMA S
60 °C, 24 h O~ "NH

A Schlenk tube was thoroughly dried and fille with argon. In this tube, 3 (281 mg, 0.45 mmol), N-
isopropylacrylamide (NIPAAm) (1.02 g, 9.0 mmol) and azobis(isobutyronitrile) (AIBN) (25 mg,
0.15 mmol) were dissolved in dimethylacetamide (DMA) (9 mL) and degassed by three cycles of
freeze-pump-thaw. The solution was stirred at 60 °C for 24 h, and the mixture was poured into
hexane/diethyl ether (250/100 mL). The yellow precipitate was dissolved in chloroform to recover
and the volatile was removed in vacuo to afford the title compound as yellow solid (1.203 g, 92%).
The polymerization degree was determined by '"H NMR (n = 45, My = 5,700). Gel permeation
chromatgraphy (GPC) was measured using polyethyele glycol as standard (Mw = 4,900, Mw/Mn =
1.23).

"H NMR (CDCls, MesSi, 500 MHz): & = 1.14 (br, CH(CH3)2), 1.64 (br, CH: in the main chain),
2.31 (br, CH in the main chain), 4.00 (br, CH(CH3)2), 4.62 (br, 2H, OCH2CH3), 7.50 (t,J = 7.1 Hz,
1H), 7.59 (t,J = 7.5 Hz, 2H), 7.81 (m, 3H), 8.04 (d, /= 8.1 Hz, 2H), 8.18 (t, J= 8.6 Hz, 2H), 8.33
(d,J=8.6,2H), 8.47 (d, J= 7.9 Hz, 2H), 8.54 (d, J= 8.5 Hz, 2H).

'"H NMR
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The GPC spectrum for 3-N’.

20220718.0718 RI171.006 2023/01/23 10:29:18

O3NS

10000 -

5000 -

Intensity [uV]

-5000 -

RI171_006-CH2

{l

0.0
o0 MISLIR#R
A-Y-%

]J PO=LAYYE
E-DI07-7
‘EAT-II
BmiE

10.0

5.0

Retention Time [min)
Administrator
2022/07/19 16:26:01

ChromNAV Lite
2022/07/18 18:22:10
10 0 [uL)

0.0 [min)

REHB -V 20220718_0718 2022/07/18 15:09:35
20T M5 L RI171.006
$UINA RIT1
SFRITERR
AFRAHENER 2XM
gt D. MWD
_ C. MWD%| el
1.5 / 80.0
1/ A\
/ \
o / \ - 60.0
- / \
z 1.0 \\
Y \
a /! ‘,\‘\ L 40,0
/
0.5 J; \
\ -200
0.0 0.0
T T
3.5 4.0
LogM
1/1

26

15.0 20.0
STFRHASR
< 771 IUAER >
274 4% 20220718RI2
A== Administrator
EHEK  2022/07/18 18:45:12
dAVE

2RM) >
nsmmmm [ Mz T My TMwe/Mn]
Ol 2=m | 2 [-—J3s70]as00[60a0[2900] 1:2316]

DE.{E'JFE BITNE
n 1.2326]333726 RI71

#| Mn
3979]4900]6040]4900] 1.2316 1.2326]333726

Mw | Mz | Mv_[Mw/Mn|Mz2/Mw| 8

(f10000] Jrizr | ]



2-15. Preparation of 3-N: Removal of xanthogenate terminus of 3-N’

"'\"x,_\__fﬂ-:‘,\\- = i .N-"'_‘M.L ="
O s O
by ;,P—N (- {'x“ } T Etgh-HiPO 7 equiv \ 'Ii) M N ~F -’JV“ T
4 I V-501 7 aquiv. : 8

N 3 ] o,
B NH in %MF % § - 07 MH

5 B0 °"C,6h =
c‘%_\‘-_:} 3N {.'"' K
o =/

The xanthogenate terminus of 3-N” (571 mg, 0.1 mmol) was removed in a similar manner to 2-N’
using 7 equiv of triethylammonium hypophosphite and V-501. Yellow solid, 425 mg, 76%. The

polymerization degree was determined by 'H NMR (PD = 45, My =

1.23).

5,600). Gel permeation
chromatgraphy (GPC) was measured using polyethyele glycol as standard (Mw =

4,800, Mw/Mn =

"H NMR (CDCl3, MesSi, 500 MHz): § 1.14 (br, CH(CH3)2), 1.63 (br, CH: in the main chain), 2.12
(br, CH in the main chain), 4.00 (br, NCH), 7.50 (t, J= 7.1 Hz, 1H), 7.59 (t, J= 7.5 Hz, 2H), 7.78-
7.81 (m, 3H), 8.04 (d, /=8 Hz, 2H), 8.18 (t, /= 8.6 Hz, 2H), 8.33 (d, /= 8.6, 2H), 8.48 (d, /=8

Hz, 2H), 8.54 (d, J = 8 Hz, 2H).

"H NMR
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The GPC spectrum of 3-N
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2-16. Preparation of polymer-immobilized Pd-complex Pd-3-N.

PdCl,(MeCN), 1 equiv. H
3-N > 45
in benzene/MeOH
50°C,12h o) NH

A

Pd-3-N

In a dried Schlenk tube filled with argon, 3-N (140 mg, 0.025 mmol) and
bis(acetonitrile)dichloropalladium (6.5 mg, 0.025 mmol) were dissolved in a mixture of benzene
(1.2 mL) and methanol (1.5 mL), and the mixture was stirred at 50 °C for 12 h. The dark orange
solution was filtered and washed with a small amount of dichloromethane, methanol and diethyl
ether in this order. Recovered solid was dried in vacuo to give orange solid (164 mg). ICP analysis
indicated that Pd content was 1.87 wt% (1.86 wt% calcd.)

"H NMR (CDCls, MesSi, 500 MHz): 8 1.13 (br, CH(CH3)2), 1.64 (br, CH: in the main chain), 2.15
(br, CH in the main chain), 3.99 (br, CH-(CH3)2), 7.47-8.50 (m, 16H).

'H NMR
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The GPC spectrum of Pd-3-N
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3. Catalytic reactions using thermo-responsive Pd catalysts in water

3-1. Mizoroki-Heck reactions in water using Pd-2-N.

Typical procedure for Mizoroki-Heck reaction in water using the thermo-responsive catalysts in
the presence of the thermo-responsive copolymer surfactant NS is as follows. In a test tube with a
screw cap, NS (40 mg) was dissolved in deionized water (4 mL) and the solution was stirred. To
this solution, iodobenzene (6a) (102 mg, 0.5 mmol), n-butyl acrylate (7a) (128 mg, 1.0 mmol), tri-
n-butylamine (185 mg, 1.0 mmol), catalyst Pd-2-N (e.g. 22.5 mg, containing 0.005 mmol Pd),
hydrazine monohydrate (2.5 mg, 50 umol) were added, and the mixture was stirred at 70 °C for 48
h. Opaque suspension turned clear by heating, and became reddish solution through the reaction.
Ethyl acetate (0.4 mL) was added and stirred for 5 min and centrifuged. The organic layer was
separated and repeated the extraction until the product was not observed by thin layer
chromatograph (TLC) in the extract. The combined organic layer was analyzed by 'H NMR and
gas chromatograph to determine yield of the product 8aa (96%).

1 st 2nd 3rd 4th
Extraction Extraction Extraction Extraction

Without NS

Figure S1. Appearance of extraction of the reaction mixture with ethyl acetate
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Table S1. Mizoroki-Heck reactions in water using Pd catalysts.?

Pd cat. 1 mol%:
¥ HaMMH; 10 mol%:
E ﬂ:tT + = R® fi-BugN 1.0 mmal N o R
g surfactant 1 wi% ,qu.,f“
H.0 4 mL R
0.5 mmal 70 °C. 48 h
§ 7 gaa: R' = H, R? = COO™Bu
a:X=|R'=H a R®=C00"u Bba: R' = A¢, R® = COO"Bu
b:X=1R'=Ac bBRI=Ph 8ab: R' =H, A% =Ph
entry Arl6 Alkenes 7 surfactant Catalysts base Products  Yield
of 8/%®
1 ' 0 NS Pd-2-N n-BusN  8aa 92
\)k _n-Bu
6a © Ta
2 ' 0 NS Pd-5 n-BusN  8aa 33
6a vko””'B“ 7a (small
molecule)
3 I 7a NS Pd-2-N n-BusN  8ba >99
Me\'(©/
(0]
6b
4 6a - Ph b NS Pd-2-N n-BusN  8ab 9
5 6a Ta SDS Pd-2-N n-BusN  8aa >99
6 6a T7a Triton X-100 Pd-2-N n-BusN  8aa >99
7 6a 7a Tween20 Pd-2-N n-BusN  8aa >99
8 6a 7a CTAB Pd-2-N n-BusN  8aa 81
9 6a 7a none Pd-2-N n-BusN  8aa 86
10 6a Ta NS Pd-2-N K,CO3;  8aa 23
11 6a 7a NS Pd-2-N NaOAc 8aa 12
12 6a 7a NS Pd-2-N K;PO;  8aa 29
13 6a 7a NS Pd-2-N n-BusN  8aa 99
(2nd use) (2nd use)
14 6a 7a (3rd use) (3rd use) n-BusN  8aa >99
15 6a 7a (4th use) (4th use) n-BusN  8aa >99
16 6a 7a (5th use) (5th use) n-BusN  8aa >99
17 6a 7a (6th use) (6th use) n-BusN  8aa >99
18 6a 7a (7th use) (7th use) n-BusN  8aa 58
8aa
19 6a Ta Pd-2-NS Pd-2-NS n-BusN  8aa 93
20 6a 7a Pd-2-NS Pd-2-NS n-BusN  8aa 97
(2nd use) (2nd use)
21 6a 7a (3rd use) (3rd use) n-BusN  8aa 75
22 6a 7a (4th use) (4th use) n-BusN  8aa 98
23 6a 7a (5th use) (5th use) n-BusN  8aa 107

a) Conditions: iodoarene (0.5 mmol), alkene (1.0 mmol), catalyst (0.005 mol Pd atom), hydrazine (0.05 mol),
surfactants (40 mg), H>O (4 mL), 70 °C, 48 h.
b) determined by 'H NMR.
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3-2. Suzuki-Miyaura cross coupling reactions in water using Pd-2-N.

Typically, in a test tube with a screw cap, 4-iodoanisole (6¢) (117 mg, 0.5 mmol) and
phenylboronic acid (9a) (91 mg, 0.75 mmol), triethylamine (152 mg, 1.5 mmol), NS (20 mg) and
Pd-2-N (e.g. 13 mg, containing 0.005 mmol of Pd) were suspended in water (1 mL). The mixture
was stirred at 50 °C for 6 h. The reaction mixture was cooled to 0 °C, and then extracted with
ethyl acetate (0.2 mL) followed by centrifugation (400 g for 2 min). The organic layer was
analyzed by '"H NMR using pyrene as an internal standard. Quantitative formation of 10ca was
observed.

Table S2. Suzuki-Miyaura coupling in water using Pd-catalysts.

cat. Pd-2-N, 1 mol% 2
-—R
| N N
R
=
10

O/ O/B(OH)Z EtsN 3 equiv
_ >
NS, 2 wt%

H,0, 50 °C, 6 h
| /©/B(OH)2 /©/B(OH)2
©/ (R'=H) MeO Me
6a 9b 88% 9c 97%
B(OH), B(OH)2
. j Y©
9d 89% 9e 65%
B(OH), B(OH),
cl” : ;
of >99% OMe 9g >99%
B(OH), I I
O ew| Y oy
9a MeO HO
6¢c >99% 6d 97%
(87% w/o NS) (92% w/o NS)
Me 5N sC
6e 98% 6f 40% 6g >99%
Cr X Cr
F Me OMe
6h >99% 6i 91% 6] 59%
N I
1
6k 49% 6l 36%
o8 o
ﬁ/©/ MeO 86% with FoC
o wit
6m 64% 6n 24% Pd 2 mol%) 60 24%

a) Conditions: aryl halide 6 (0.5 mmol), arylboronic acid 9 (0.75 mmol), Pd-2-N (containing 1
mol% Pd), EtzN (1.5 mmol), NS (20 mg), H20 (1 mL), yields were determined by 'H NMR.
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3-3. Mizoroki-Heck reactions in water using the copolymers using Pd-3-N in the presence of NS,
and reuse of the catalyst solution.

Typical procedure for Mizoroki-Heck reaction in water using the thermo-responsive catalyst Pd-
3-N in the presence of the thermo-responsive copolymer surfactant NS is as follows.

In a test tube with a screw cap, Pd-3-N (2.9 mg, 0.5 pumol) and NS (20 mg) was dissolved in
deionized water (1 mL) and the solution was stirred at r.t. for 0.5 h. To this solution, iodobenzene
(6a) (102 mg, 0.5 mmol), n-butyl acrylate (7a) (128 mg, 1.0 mmol), tri-n-butylamine (185 mg, 1.0
mmol), hydrazine monohydrate (2.5 mg, 50 pmol) were added, and the mixture was stirred at
100 °C for 24 h. Ethyl acetate (1 mL) was added and vigorously stirred and centrifuged. The organic
layer was separated and repeated the extraction until the product was not observed by thin layer
chromatograph (TLC) in the extract. The combined brownish organic layer was analyzed by 'H
NMR and/or gas chromatograph to determine yield of the product 8aa (>99%). When the catalyst
solution was reused, the aqueous layer after the extraction were added tributylamine (185 mg, 1.0
mmol), butyl acrylate (128 mg, 1.0 mmol) and Iodobenzene (102 mg, 0.5 mmol). The mixture was
stirred at 100 °C for 24 h, and extracted with ethyl acetate (0.4 mL) for three times. The combined
organic layer was analyzed by gas chromatography to determine the yield using tetradecane as
internal standard.
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Table S3. Mizoroki-Heck reactions in water using Pd-3-N in the presence of NS.

Pd-3-N 0.1 mal%
HaNNH; 10 mal®s

@| b SR A-BusMN 1.0 mmal ’WHE
, 3
R NS 2 wt% -

Ha0 1 mL
0.5 mmol 1.0 mamiol 100 *C, 24 h
6 7 8
i i a
o ._D,n-Etu | A J-H o n-Bu ﬁ\b“# L__ _rBu
i = e
Mal
Baa =09% O  Bba =09% Bea =99%
reuse Znd =88% ﬁ o
3rd =B9% : B
ath ~95% S g R A g B
Sth >39% |
Bth =88% Ma g
Tth 0% -9,
Bea Bia 50%
0 a o
Il J—L . n-Bu

Pd-3-N 0.1 mal%
| a HoNNH, 10 mol% 0
n=BusM 1.0 mmal 5 o, -n-Bu

NS 2 wi%
H.0 1 mL
0.5 mmod 1.0 mmal 1ﬂ.ﬂ2ﬂﬂ-ﬂl 24 h

Ga 7a Baa

4

cycla 13t 2nd 3rd  4th  5th &th TN
Yeldof Baa™: >33 853 =83 35 101 99 o

Figure S2. Reuse of the aqueous solution of Pd-3-N, in the presence of NS.
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3-4. Mizoroki-Heck reactions in water using the copolymers using Pd-3-N in the absence of NS.
Typical procedure for Mizoroki-Heck reaction in water using the thermo-responsive catalysts in
the absence of NS is as follows.

Stock solution of the catalyst was prepared by dissolving Pd-3-N (2.9 mg, 0.5 umol) in degassed
water (1 mL) and stirred at r.t. for 10 min. The pale-yellow solution was stored in a refrigerator. In
a dried test tube with a screw cap, the catalyst solution (0.1 mL) was added to water (0.9 mL) and
the mixture was stirred for 10 min. To this solution, aryl halide (6) (0.5 mmol), alkene (7) (1.0
mmol), tri-n-burylamine (185 mg, 1.0 mmol), hydrazine monohydrate (2.5 mg, 50 pumol) were
added, and the mixture was stirred at 100 °C for 24 h. The mixture was extracted with ethyl acetate
(1 mL) and centrifuged. The organic layer was separated and repeated the extraction until the
product was not observed by thin layer chromatograph (TLC) in the extract. The combined organic
layer was analyzed by '"H NMR and gas chromatograph to determine yield of the product 8. Some
of the products were isolated by column chromatograph on silica gel.
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Table S4. Mizoroki-Heck reactions in water using Pd-3-N in the absence of NS.?

| Pd-3-N 0.01 mol%
©/ + \/RZ /@/V
R? NO surfactants

0.5 mmol 1.0 mmol in H,0
6 7 8
(0]
_n-Bu

8aa >99% o) 8ba >99% (8 h) 8ca >99%

o o)

Wo/n-su wom Bu
Me
Me
8ea 59%

8ia 13%

X

7/
o
o
\
?
o
c

O
_n-Bu
/@/\)J\o
FsC O:N O
8ga 31% 8pa 51% ‘

8qa 17%
O O
t-B _i-P
N o~ u AN N 1-Pr
H
8ac 95% 8ad >99%
Sh ]
8ab 34%

a) conditions: iodoarenes 6 (0.5 mmol), alkenes 7 (1.0 mmol), n-BusN (1.5 mmol), Pd-3-N (0.29 mg, 0.05 pmol
Pd), NoH4+H>O (0.05 mmol), HO 1 mL, 100 °C, 24 h; Yields were determined by 'H NMR.

3-5. Reuse of the aqueous solution of Pd-3-N, with no surfactants in 10 times scale.

In a dried test tube with a screw cap, the catalyst Pd-3-N (2.9 mg, 0.5 pumol) was dissolved in water
(10 mL) and the mixture was stirred for 10 min. To this solution, iodobenzene (6a) (1.02 g, 5.0
mmol), n-butyl acrylate (7a) (1.28 g, 10 mmol), tri-n-burylamine (1.85 g, 10 mmol), hydrazine
monohydrate (25 mg, 0.5 mmol) were added, and the mixture was stirred at 100 °C for 8 h. By
keeping the solution rest, the mixture spontaneously separated into a brown organic layer, a
yellowish aqueous layer and brown organic gel-like precipitate. The mixture was centrifuged to
clearly separate them, and the upper organic layer and the bottom precipitate were taken up. The
combined organic layer was analyzed by gas chromatography to determine yield of the product
8aa. To the aqueous layer were added tri-n-butylamine (1.85 g, 10 mmol), n-butyl acrylate (1.28 g,
10 mmol) and iodobenzene (1.02 g, 5.0 mmol), and the second reaction was conducted.
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Reuse test P{I-E-H| 0.01 mol%: |

o a HaMMNHz 10 mol% 'E
[ i + ,-J'L B fBusMN 10 mmeal i = - mﬂ,n-au
= =0 |
= NO surfactants =
H-0 10 mL

5 mmol 10 mmal 100 *C. 24 h

Ga Ta Baa
cycle 1st 2nd 3rd 4th St 6 Fth 6 TN

Yield of Baalt: 73 78 125 11& 101 1068 103 2B 26

Figure S3. Reuse of the aqueous solution of Pd-3-N, in the absence of NS.

3-6. STEM analysis of the aqueous solution of the catalyst.
The catalytic reactions were carried out under the standard conditions using Pd-2-N, the aqueous
solution was dried and observed by STEM.

3-6-1. Mizoroki-Heck reaction

ADF-STEM image ADF-STEM image (Enlarged)

‘La..r.

Indicated magnification: 500k
- 5

ADF-STEM image
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ADF-STEM image(EDX4 47 A7)

EDX spectrum for part 1-3

i i B i : i [

l..ﬂl.l 2.00 3.00 4.00 5.08 6.00 7.00 8.00 B’.ﬂ. keV
¥ALSILCUlE S AT L —4

39



3-6-2. Suzuki-Miyaura reaction

20 nm

Project: 20240612

Data Type: Net Counts
Image Resolution: 512 by 512
Image Pixel Size:  0.00 ym
Map Resolution: 256 by 256
Map Pixel Size: 0.00 ym
Acc. Voltage: 200.0 kV
Magnification: 2400000
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4. Spectroscopic data for the catalytic reactions in water.
4.1. Mizoroki-Heck reactions in water.

Butyl (E)-3-phenylacrylate (8aa) 17
O
NN o n-Bu

"H NMR
(Y >99%, Reaction mixture) M : internal standard (mesitylene), ® : the product

BELBHHEBRSB 8 DFILE  D:¥202301Immobi 1 NNCPA_R1_EB_YZ_SD_RN
S S S e < YRI¥R1236_PROTON-3_H_ns. RM1
3 Y ORGFILE  E:¥YNMRY¥RI236_PROTON-3. JDF
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COMNT
36/R1236
OBNUC H
OFR 500. 16 MHz
OBSET 0.0 kHz
OBFIN 88. 4525 Hz
Pl 5.7 ps
W2 0.0 s
I3 0.0 us
PIl 0.0 ms
PI2 0.0 ms
PI3 0.0 ms
LO0P1 0
POINT 13120
SCANS 16
DUMMY 1
FREQL 7514, 266 Hz
ACQTM 1. 7459 s
Pl 1.0 s
RGAIN 26
BF 0.25 Hz
.. . FXMOD single_pulse. ex2
TRNUC W
g | IFR 500, 16 MHz
= = TRSET 0.0 kHz
= ; I IRFIN 88,4525 Hz
i il IRRPW 118 ys
| ' J TRATN 0
| At |L “\ CSPED 0.0 Hz
J UL b N s ul b AL CTEWP 460. 0 C
e e s PRNT O DATE 2[)2-1»’Aug-'08]61-18:3(]
9 8 7 6 5 4 3 2 1 0 -1

5/ppm('H)
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Butyl (E)-3-(4-acetylphenyl)acrylate (8ba) !’
O

AN

)

_n-Bu
(e}

"H NMR (Y >99%, reaction mixture) ™ : internal standard (mesitylene), ® : the product
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\‘ “ 11 ) i ,NJ \'*-m* W Y o CTEWP 26. 0 o
- T - —— , - PRNT DATE  2024/Aug/08 15:49:08
9 8 7 6 5 3 2 1 0 -1

4
5/ppm ('H)
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CH), 7.61 (d, 2H, J=8.2 Hz), 7.70 (d, 1H, J= 16 Hz, CH), 7.97 (d, 2H, J = 8.6 Hz).
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Butyl (E)-3-(4-methoxyphenyl)acrylate (8ca) 7

)

.n-B
™ 0 u

MeO
"H NMR
(Y >99%, reaction mixture) M : internal standard (pyrene), ® : the product

([
SEBBSIISSE 83 g DFILE  D:¥202301Immobil NNCP RT_EB VZ_SD RN
BBG~~~N OGS G@ < ¥RI¥RIZ15_PROTON-3_40Me_ns. RML
: e \ ORGFILE  E:¥NMRYRI215_PROTON-3. JDF
DATIM  24/Aug/2022 19:43:59
COMNT
36/R1215
OBNUC H
OFR 500. 16 MHz
OBSET 0.0 ki
OBFTN §8.4525 Iz
PH1 5.7 s
P2 0.0 s
PW3 0.0 s
Pl 0.0 ms
P12 0.0 ms
PI3 0.0 ms
LOOP1 0
POINT 13120
SCANS 16
| DUMMY 1
FREQL 7514, 266 1z
ACRTM 1.7459 s
) 40 s
RGAIN 22
[ ) BF 0.25 He
FEMOD single_pulse. ex2
3 TRNUC i
& IFR 500. 16 Mz
o ] TRSET 0.0 Kl
¢ T I| TRFIN -88. 4525 iz
M TRRPW 1 s
‘ I TRATN 0
I\ CSPED 0.0 Hy
W b A W WV L CTEWP 25.4 o
------------------ T T PRYTDATE 2024/ Aug/ /08 16:06:35
] 5 4 3 2 1 0 -1
&/ppm('H)
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Butyl (E)-3-(4-methylphenyl)acrylate (8ea) !’

@)

_n-Bu
X0

Me
"H NMR
(Y >99%, reaction mixture) M : internal standard (mesitylene), ® : the product

8 DFILE  D:¥202301 Immobi1_NNCPd_RT_EB_YZ_SD_RN
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Butyl (E)-3-(2-methylphenyl)acrylate (8ia) !

0]

_n-Bu

N0

Me
"H NMR
(Y 50%, reaction mixture)
materials

® : internal standard (mesitylene),

el t=1

——= 8
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|
(YY) ®
223 g
s=8
L J | J
. - VO SR
T ST T et P o =,

45

® : the product, ® starting
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n-Butyl (E)-3-(4-trifluoromethylphenyl)acrylate (8ga) 7

@)

.nB
AN onu

F5C
"H NMR
(Y >99%, reaction mixture) M : internal standard (mesitylene), ® : the product
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n-Butyl (E)-3-(4-nitrophenyl)acrylate (8pa) !’
O

_n-Bu
N0

O,N
'"H NMR
(Y 97%, reaction mixture) M :internal standard (mesitylene), ® : the product
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n-Butyl (E)-3-(1-naphthyl)acrylate (8qa) !
O

_n-B
™ 0 u

(Y >99%, reaction mixture) M : internal standard (mesitylene), ® : the product

'"H NMR
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tert-Butyl (E)-3-phenylacrylate (8ac) !
(0]

\ O/ t—BU

'"H NMR
(Y >99%, reaction mixture) M : internal standard (mesitylene), ® : the product
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N-Isopropyl (E)-3-phenylacryliamide (8ad) '
o

~i-P
NN N/r
H

'"H NMR
(Y >99%, reaction mixture) M : internal standard (mesitylene), ® : the product
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(E)-Stilbene (8ab) 7
O X O

'"H NMR
(Y 34%, reaction mixture) M : internal standard (pyrene), ® :the product, ® starting materials
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CSPED 0.0 Hz
| . | | j CTEMP 24,2 o€
9 8 7 6 5 4 3 2 1 0 —IPRNT_DATE  2024/Aug/08 15:55:33

&/ppm('H)
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4.2. Suzuki-Miyaura cross coupling reactions in water.
4-Methoxybiphenyl (10ab) '® ¥

MeO
"H NMR (isolated)

SETILQIISIELARRRESEEEEE 2 s DFILE  D:¥202301 Immobi 1 _NNCPd_RT_EB_YZ_SD_RN
ettt e nl nnki ko et e ad L] B YCRYSMAE i ANMRYCR 1 57-CLEAN_PROTON-3_MeO
S e ns. RMI
Y ORGFTLE 2 YNMRYCR157-CLEAN_PROTON-3. JDF
DATIN Jun/2024 12:44:10
COMNT
36/CR157-clean
OBNUC It
OFR 500,
OBSET 0.
OBFIN 88,
o Pl 5.7
& P2 0.
- i3 0.
PIl 0.
3 P12 0.
& P13 0.
& 1.O0P1 0
POINT 13120
2 3 SCANS 16
s = DUMMY I
~ FREQU 7514, 266 Hz
ACQTY 1. 7159 s
D 1.0 s
RGAIN 30
° BF 0,25 Iz
. EXMOD single_pulse. ex2
IRNUC It
IR 500, 16 Miz
IRSET 0.0 kiiz
IRFIN 88, 4525 1z
IRRPW 92 45
A | IRATN 0
JUl - . . b n 0.0 Hz
. . . Sii— . et CTEMP 26, | o
9 8 1 6 5 4 3 2 1 0 =1PRNT_DATE ~ 2024/Aug/08 13:08:55
5/ppm ('H)
13C{'H} NMR
o RREBEH BB &8E & 2 =3 DFILE  D:¥202301 Inmobi 1 _NNCPA_RI_EB_YZ_SD RN
3 godannangsEss b X g s ‘l'(':<\'SM'\;JJ&‘.M\MRW'Rlﬁ? CARBON-3, M1 OMe_n
- T . RM 1
S } ORGFILE  E:YNMRYCR167 CARBON-3, JDF
DATIM  28/Jun/2024 19:41:42
COMNT
36/CR157
OBNUC e
OFR 125. 77 MHz
OBSET 6.0 khz
OBFIN 326, 4197 1z
Pl 11917 ys
w2 0.0 ys
U3 0.0 s
PI1 0.0 ms
P12 0.0 ms
P13 0.0 ms
LODPT 0
POINT 26221
SCANS 1024
DUMMY A
FREQU 31456, 86 iz
ACQTH 0, 8336 s
b 2.0 5
RGAIN 56
B 0,25 Iz
EXMOD single_pulse_dec
[RNUC i
IFR 500, 16 MHz
IRSET 0.0 kliz
IRFIN 88,4525 1z
IRRPW 92 s
IRATN 0
1. J. | I 0,0 Hz
190 180 170 160 150 140 130 120 110 100 90 8O 70 60 50 40 30 20 10 DATE

8/ppm (1)

52

2024/Mug/08 13:10:46



4-Methoxybiphenyl (10ac) '8 1°

Me
98% by 'HNMR isolated 56%
'"H NMR

2
1.9202

0.9124

9 8 7" 6 5 i
5/ppm ('H)
BC{'H} NMR
33983
g58ang
N T.'T W

L

- 76.25
- 15.74

=— 76.00

3.06372.38

20.05

~TPRNT_DA

DFILE

YCRYSWA: e #NMRYCR 1 75-CARBON_CARBON-3_Me:
. kM1

ns.
ORGFILE

TE  2024/Aug/08

DFILE  D:¥202301 Immobi |_NNCPd_RT_EB_YZ_SD_RN
YCRYSWAE i #NMRYCR175-3_PROTON-3 Me_ns. R
M1
ORGFILE  E:YNMRYCR175-3_PROTON-3, JDF
DATIM  24/May/2024 16:54:44
COMNT
36/CR175-3
OBNUC H
OFR 500. 16 Mz
OBSET 0.0 kiiz
OBFIN 82, 7305 Hz
Pl 5.7 us
PY2 0.0 ps
PW3 0.0 ps
PI1 0.0 ms
PI2 0.0 ms
PI3 0.0 ms
LODPL 0
POINT 13120
SCANS 16
DUMMY 1
FREQU 7514, 266 Hz
ACQTY 1. 7459 s
0] 1.0 s
RGAIN 32
BF 0,25 Hz
EXMOD single_pulse, ex2
TRNUC H
1FR 500, 16 Mz
IRSET 0.0 kHz
IRFIN 88. 4525 Hz
IRRPW 92 s
IRATN 0
CSPED 0.0 Hz
= CTEMP 26, 6 o

3:20:61

D:¥202301 Immobil NNCPd_RT_EB_YZ_SD RN

E:¥NMRYCR175-CARBO!

CARBON-3. JDF

DA’

=

24/May/2024 19:39:5
COMNT
36/CR175-carbon

190180 170 160 150 140 130 120 (10 100 90 80 10 6

&/ppm(13C)

53

=1QRNT_DATE

OBNUC I
OFR 125, 77 Milz
OBSET ~5.0 kHz
OBFIN 321, 8213 Hz
PW1 4.1917 ps
PW2 0.0 s
PW3 0.0 s
PI1 0.0 ms
P12 0.0 ms
P13 0.0 ms
LOOPL 0
POINT 26224
SCANS 1024
DUMMY 4
FREQU 31456, 86 Hz
ACQTM 0. 8336 s
P 2.0 s
RGAIN 52
BF 0.25 Hz
EXMOD single_pulse_dec
IRNUC 'H
IFR 500, 16 MHz
IRSET 0.0 kHz
IRFIN 88,4525 Hz
IRRPW 92 s
IRATN 0
CSPED 0.0 Hz

== CTEMP 25,6 <C

2024/Aug/08 13:22:12



4-Methylsulfanylbiphenyl (10ad) "

MeS
89% by 'H NMR
"H NMR (isolated)

ex-on-onSs .
Oy N
|/ -
ol
2
S
5
o ]
3 |
=]
-
o
o
e

| ——— -0.3%

DEILE - D:¥202301 Tmmob i |_NNCPA_RT_EB_YZ_SD_RN
YCRYSMA: i #NMRYCR 187 -CLEAN_PROTON-3, rml
ORGFILE ~ E:¥YNMRYCR187-CLEAN_PROTON-3, JDF

DATIM 03/ Jul/2024 14 138
COMNT

36/CR187-c | ean
OBNLC '
OFR 500, 16 Miz
OBSET 0,0 kliz
OBFIN 82,7305 Nz
Pl 5.7 ps
Pz 0,0 ps
i3 0.0 ps
PI1 0.0 ms
PI2 0.0 ms
K] 0.0 ns
LOOPT 0
POINT 13120
SCANS 16
DUMMY 1
FREQU T614. 266 Hz
ACQTY 1, 7159 s
b 1.0 s
RGATN 32
BF 0. 25 Hz
EXMOD single_pulse. ex2
TRNUC i
IFR 500, 16 Mz
IRSET 0.0 k
IRFIN 88,
IRRPW 92 ;s

0 I3

S
CTEMP 26, 0 o

: IIPR\:T DATE  2024/Aug/08 1.:1:2115('\

9 8 1 6 5 4 3 2 1 0
5/ppm ('H)
B3C{H} NMR
HEBETREGS 588 3 DFILE  D:¥202301 Immobi 1 NNCPd_RT_EB_YZ_SD_RN
gE5ERRES EES w \;’('R%M‘!-‘.n)&%\ﬂkﬁ'klu? CARBON-3_Se_ns. RM
V' \K | ORGFILE E:YNMRYCR187_CARBON-3, JOF
DATIM  03/Jul/2024 16:29:39
CONNT
36/CR187

OBNLC 5
OFR 125.77 Mitz
OBSET ~5.0 kil
OBFIN 324, 2202 iz
Pl L1917 s
Pi2 0.0 s
Pia 0.0 ps
Pil 0.0 s
P12 0.0 ms
P13 0.0 ms
LOOP1 0
POINT 26224
SCANS 1024
DUMMY |
FREQU 31456, 86 Iz
ACQTM 0. 8336
PD 2.0 s
RGAIN 52
B 0.25 Iz
EXMOD single_pulse_dec
TRNLC i
IFR 500. 16 Milz
IRSET 0.0 kliz
[RFIN 88,4525 Iz
IRRPH 92 s
IRATN 0

N L ] I T . “SPED 0.0 iz

e T RS 5 o1 o

190 180 170 160 150 140 130 120
5/ppm(1%C)

54
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1 CTEMP Lo
=1QRNT_DATE  2024/Aug/08 13:27:18



4-Acetylbiphenyl (10ae) '8 20

O
"H NMR
(Y 65%, reaction mixture)

Q=

858 DFILE  D:¥202301 Tnmob i 1_NNCPd_RT_ER_YZ_SD_RN
Liln YCRYCR186_PROTON=3_Ac_ns. RM1
ORGFILE  F:YNMRYAPRI5-2024-CR186Y1 OYPDATAY1Y
i
DATIM  15/Apr/2024 10:58:35
COMNT
OBNLC H
OFR 100, 13 Mz
OBSET 0.0 Kllz
OBFIN 10003, 76 Iz
Pl 1.0 ys
P2 11.0 s
i3 280 s
Pl 0 ms
pI2 0.0 ns
Pr3 0.0 ms
LOOP1 0
POINT 65536
SCANS 16
TUAMY 2
FREQU 8012, 82 1y
ACQTY 8. 1789 s
PD 1.0 s
RGATN 16
BE 0.25 Hz
S o I EXMOD 630>
% b 3 IRNUC
ool e IFR 0.0 Mz
iy IRSET 0,0 kilz
7 \ IRFIN 0.0 Hz
| [ IRRPW 0 ps
JJL | \,J K..J IRATN i
Wi JoN y, CSPED 20,0 1z
- (DS — [ R S et e S — : TEMP 21, 8493 o
9 8 7 6 5 4 3 2 1 0 =TPRNT_DATE  2024/Aug/08 14:30:01
5/ppm ('H)
Enlarged m :internal standard (pyrene), ® : the product
= BaRBRRS2ts  883T 83888 b FILE D:Y¥202301 INMOBIL_NNCPD_RT_EB_YZ_SD_RN
85 BaB85ESEs§ 233z 5885 = CRYCR156, PROTON-3. AC NS, R
g6  Sododrinionin Resn el nls ~ ORGFILE  E:YNMRYAPR15-2024-CR186Y10YPDATAY1Y
\( Wil \ 11
DATIM  15/Apr/2024 10:58:35
COMNT
OBNLC i
OFR 100, 13 MHz
OBSET 0.0 kllz
OBFIN 10003, 76 Hz
Pi 14.0 s
W2 14.0 s
W3 28,0 ps
P11 1.0 ms
P12 0,0 ms
P13 0,0 ms
LOOPL 0
POINT 65636
SCANS 16
DUMMY 2
| FREQU 8012. 82 Il
ACQTM 8. 1789 s
P 1.0 s
RGAIN 16
o B o0 - B soaed B
o © P ~ EXMOD 7G30>
.c S8 8 18 g 2 S [ = < IRNLC NUL
2 B88 < g = ~ 2 S a2 1FR 0.0 Milz
£ e pht o - - - IRSET 0.0 kilz
l IRFIN 0.0 Hz
‘ TRRPW 0 s
L) Wi, AU\ )U, I Iy IRAT o
N VWIOW ML G VN N M s A i COPRD) 20,0 Hz,
. , : . : : . - . : - = CTEMP 24, 8493 o
l PRNT_DATE  2024/Aug/17 16:33:39
5/ppm ('H)

55
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4-Chlorobiphenyl (10af) '°

Cl
(Y >99%, reaction mixture)
'"H NMR

77444 D:¥202301Immobi | _NNCPd_RI_EB_YZ_SD_
RN¥CR¥CR189 PROTON-3_4C1_ns. RM1
#MIEAI7INE  E-¥NMR¥APR15-2024-CR189%¥10¥PDAT
A¥T¥11
RIEBE  15/Apr/2024 14:22:53
AR
A% 'H
AlEe- 2630>
6570 P e . CHE) 400. 13 MHz
WA E K o ffset 0.0 kHz
FRB R ELF ine 10003, 76 Hz
T -ims 65536
R FEE 8012, 82 Hz
EHAEY 16
FIDER A B5[H) 8.1789 s
iclall 1.0s
N 1A0E 140 s
decoup et
7'0-7°  Z108618_0905 (PA BBO 40081 BBF-H
*E Bruker
N AT 09 34 ZG30>
‘ Gradient? A734 >
\ HEEE 24,8499 <€
BITE AR CDCLy>
Chemical shift#ME{E 16.3595 ppm
g ‘ GroadeningfRgr - 0.25 e
=3 k xponentia
I g_ - | Receiver Gain 16
‘ v BEE
Jl L U HRIBE  2024/Aug/08 14:31:40

Enlarged, ® :internal standard (pyrene), ® : the product

(=2 0 Do . . S
S8 = 283 DFILE  D:¥202301 IMMORTL_NNCPD_RT_EB_YZ_SD_RN
- = o, ¥CRY¥CR189_PROTON-3_4CL_NS, RM1
@i« et ORGFILE ~ E:¥NMRYAPR15-2024-CR189¥ 1 0¥PDATAY1¥
I V1o 11

DATT™ 15/Apr/2024 14:22:53
COMNT
OBNLC Rl
OFR 400, 13 MHz
OBSET 0.0 kHz
OBFIN 10003, 76 Hz
Pl 14.0 s
P2 14.0 ys
i3 28,0 ps
P11 1.0 ms
. P12 0.0 ms
PI3 0.0 ms
LOOP1 0
POINT 65536
SCANS 16
DUMMY 2
FREQU 8012, 82 Hz
ACQTY 8. 1789 s
P L0 s
[ ] .N ® RGATN 16
o = BF 0.25 Hz
.ﬁ - o ° 3 EXMOD 7630>
& 3 € TRNLC NUL
=} =] : ] "
o IFR 0.0 MHz
o - IRSET 0.0 kHz
| IRFIN 0.0 Iz
Y i o
L __WJL"_H__J\_J.JI_ R _dJ\J"\_____m/‘ ‘»'l'k_l k-' LLUL' JM e (SPED 20,0 He
. . . \ . . . . . . . . . . CTEMP 24, 8499 oC
] 7 PRNT_DATE  2024/Aug/17 16:45:23
5/ppm('H)
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3-Methoxybiphenyl (10ag) 2!

OMe
(>99%, reaction mixture)
'"H NMR

B S T NP R R SRR E SRS J74M%  D:¥202301 Imobi |_NNGPd_R1_EB_YZ_SD_
TSSO InBnIIITIANCANNRNNNmmmm T S HRD 0D RN¥CR¥CR190_PROTON-3_30Me_ns. RMI1
CEjep 8 68 OF M R T RS RIS P IS A P I P A PSR AL R P P P P TGS 15 45 efi e 5 43 #MA77 I8 E:¥NMR¥APR15-2024-CR190¥ 10¥PDAT
L re— . A¥I¥T]
AEEE  15/Apr/2024 14:28:46
ER
WA 'H
AEE-H 630>
5030 ) i o ) 400,13 MHz
L0 B Mo f fset 0.0 kHz
0058 L3R M F e 10003, 76 Hz
T =i 65536
WM 8012, 82 Hz
FEH 5 (6] 8 16
F DR A 85 il 8.1789 s
5 H R 1.0 s
N BR6E 14.0 s
decoup| et il
7'0-7°  7108618_0905 (PA BBO 400S1 BBF-H
§i-3 Bruker
N BRI Y 5 630>
Gradient? n754 >
R A 24.8514 C
i E;:lr‘jnﬁmf h'f‘t#nE'IIiDCL}E 3517
< =ttt emical shi h ppm
48 E%é Broadeni e 025 He
X - A xponentia
\fn | ‘cﬁug‘“ | Receiver Gain 16
| J Mz
L h ' \J J FRIEE  2024/Aug/08 14:33:50
9 8 7 6 5 4 3 2 1 0 -1

DFILE  D:¥202301 IMMOBIL._NNCPD_RI_EB_YZ_SD_RN
YCRYCR190_PROTON-3_30ME_NS. RM1
ORGFILE ~ E:YNMRYAPR15-2024-CR190¥10¥PDATAY1Y

8.1992
——8.1802
8.0846
8.0250
—8.0070
7.9871
~7.5951
1.5917
-1.5740

11
DATIM  15/Apr/2024 14:28:16

COMNT
OBNLC "
OFR 100, 13 Milz
OBSET .0 kliz
OBFIN 10003. 76 Itz
Pl 1.0 us
P2 14.0 s
P3 28.0 s
PIl 1.0 s
] P12 0.0 ms
P13 0.0 ms
LOOP1 0
POINT 65536
SCANS 16
DUMMY 2
FREQU 8012. 82 Iz
ACQTY 8.1789 s
PD 1.0 s
| m o o O ([ X J [ RGAIN I8
2 3 8 B ~ o w Rum) 70302' w
=] v », A%
g S & K& F oy g 2 5 TRNUC NUL
S < =y Wi R g = IFR 0.0 MHz
= | e = s IRSET 0.0 kiz
M ’ S - IRFIN 0.0 Hz
ﬂ 'L [RRPW 0 us
Ul A, o 0 i 2
(S |\ W A 17 G OV M NUN L e VL leseEp 20.0 Iz
: : : : : . 2 2 - - - ~ CTEMP 24,8514 o
8 7 PRNT_DATE  2024/Aug/17 16:55:25

5/ppm('H)
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4-Hydroxybiphenyl (10da) »

HO
Isolated 97%
'H NMR

DFILE  D:¥202301Immobil NNCPd_RT_EB_YZ_SD_RN
FCR¥CR171-1_PROTON-3_OH_ns. RM1

ORGFILE  E:¥NMRYCRI71-1_PROTON-3. JDF

DATIM  01/Aug/2024 11:44:4

COMNT
36/CR171-1
OBNUC ]
OFR 500, 16 Milz
OBSET 0.0 kilz
OBFTN 18, 8773 Iz
Pl 5.7 us
W2 0.0 s
Pi3 0.0 s
an 0.0 ms
P12 0.0 ms
P13 0.0 ms
LOOP] 0
= POINT 13120
L2 SCANS 16
DUMMY 1
|' FREQL 7514. 266 Hz
ACQTM 17459 s
o FD 1.0 s
2 RGAIN 12
B 0.25 Iz
EXMOD single_pulse. ex2
RNUC ]
= i 500. 16 MHz
- IRSET 0.0 khz
< IRFIN 88,4525 Iz
IRRPW 92 ys
\ TRATN 0
L ) CSPED 0.0 Hy
L - S (i I CTEMP 28.0 o€

[ e | PRNT_DATE  2024/Aug/08 14:10:33
1

5/ppm('H)
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4-Aminobiphenyl (10fa) 22

HoN
(Y 40%, reaction mixture)
'"H NMR

KRRCB8CES835RISBBIIIIBESS

4
5/ppm('H)

DFILE

ORGFILE

D:¥202301 Immobi | _NNCPd_RI_EB_YZ_SD_RN
CRYCR194_PROTON-3_4ANH2_ns. RM1

E:YNMRYCR194_PROTON-3, JDF

DATIM  19/Apr/2024 13:59:07
COMNT

36/CR194
OBNUC '
OFR 500, 16 MHz
OBSET 0.0 klilz
OBFIN 3
PW1 5.7 ps
Pw2 0.0 ys
PW3 0.0 s
Pr1 0.0 ms
P12 0.0 ms
P13 0.0 ms
LOOPIL 0
POINT 13120
SCANS 16
DUMMY 1
FREQU 7514, 266 Hz
ACQTM 1. 7159 s
PD 4.0 s
RGAIN 1
BF 0.25 iz
EXMOD single_pulse, ex2
IRNUC Rl
IFR 500, 16 MHz
[RSET 0.0 kHz
IRFIN 88, 5 Hz
IRRPW 92 ps
[RATN 0
CSPED 0.0 Hz

P 23.9 oC

CTEM
‘l PRNT_DATE

2024/Aug/08 14:48:51

Enlarged, ® :internal standard (pyrene), ® :the product, ® starting materials

3.3964
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ORGFILE  E:YNMRYCR194_PROTON-3, JDF
DATIM  19/Apr/2024 13:59:07
COMNT

36/CR194
OBNLC '
OFR 500, 16 MHz
OBSET 0,0 k
OBFIN .
PW1
PW2
PW3 0.0 s
PI1 0.0 luns
P12 0,0 ms
P13 0,0 ms
LOOP1 0
POINT 13120
SCANS 16
DUMMY 1
FFREQU 7514, 266 Hz
ACQT™ 1. 7159 s
PD 1.0 s
RGAIN 11
BF 0,25 Hz
EXMOD single_pulse, ex2
[RNUC '
IFR 500, 16 MHz
IRSET 0,0 kilz
[RFIN 88, 1525 iz
IRRPW 92 us
IRATN 0
CSPED 0.0 Hz
CTEMP 23,9 oC

=== PRNT_DATE

- DIY202301 IMMOBIL_NNCPD_RT_EB_YZ_SD_RN
"RYCR194_PROTON-3_ANH2_NS. RM1

2024/Aug/17 17:06:04



(4-trifluoromethyl)biphenyl (10ga) >

FsC

"H NMR (>99%, 78% isolated yield)

DFILE  D:¥202301Immobil NNCPd_RT_EB_YZ_SD RN

“R¥CR178-CLEAN_PROTON-3_CF3_ns. RM1

ORGFILE  E:¥CR178-CLEAN_PROTON-3, JDF
DATIM  28/Jun/2024 14:57:26
COMNT
= 36/CR178-clean
= OBNUC !
OFR 500,16 MHz
OBSET 0.0 kHz
OBFIN -32.5531 Hz
Pl 5.7 ps
P2 0.0 s
PW3 0.0 ys
PI1 0.0 ms
5 Ej:% gg ns
== 3 ms
3 LOOPT 0
e 13120
16
1
FREQU Th14. 266 Hz
§ ACQTM 1.7459 s
=] PD 1.0 s
— RGAIN 30
BF 0.25 He
EXMOD single_pulse. ex2
IRNUC H
IFR 500. 16 MHz
TRSET 0.0 kHz
IRFIN —-88. 4525 Hz
92 ps
ATN 0 "
l “SPE 0.0 He
_ U B i - . . . CTEMP 25.0 oC
I et prrrrrrrrr———— PRNT_DATE  2024/Aug/08 14:17:34
9 8 7 6 5 4 3 2 1 0 -1

5/ppm("H)
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4-fluorobiphenyl (10ha) '

F
(Y >99%, reaction mixture)

19317
3.9809

“J“‘Q,, B f?ffff-ffﬁff‘e.k54k

4
5/ppm ('H)

Enlarged, ® : internal standard (pyrene), ® : the product

= o mgm 0 —
=34 ~ Wow r~=
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F @ wer  wn
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&/ppm('Hy
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DFILE  D:¥202301 Immobil NNCPd_RI_EB_YZ_SD_RN
YCRYCR182_PROTON-3_4F _ns. RMI

ORGFILE  E:¥NMRYCR182_PRO 3. JOF
DATIM ~ 09/Apr/2024 15:02:25
COMNT
36/CR182
OBNUC ‘H
OFR 500, 16 MHz
OBSET 0.0 kHz
OBFIN 88, 4525 Hz
Pyl 5.7 pus
PW2 0.0 ys
PW3 0.0 ps
PI1 0.0 ms
P12 0.0 ms
P13 0.0 ms
LOOP1 0
POINT 13120
SCANS 16
DUMMY 1
FREQU 7514. 266 Hz
ACQTM 1.7459 s
PD 1.0 s
RGAIN 20
BF 0.25 Hz
EXMOD single_pulse, ex2
IRNUC 'H
IFR 500. 16 MHz
IRSET 0,0
IRFIN -88.
IRRPW 92 us
0 M
0,0 Hz
21,6 oC

DFILE  D:¥202301 IMMOBII

2024/Aug/08 14:20:42

NNCPD_RT_EB_YZ_SD_RN

YCRYCR182_PROTON-3_4F_NS. RM1

ORGFILE  E:YNMRYCRI82_PROTO!
DATIM  09/Apr/2024 15:02:
COMNT
36/CR182

OBNUC H
OFR 500,
OBSET 0
OBFIN ~88,
Pw1 A,
PWz 0,
PW3 0,
P11 0.
P12 0,
P13 0,
LOOPI 0
POINT 13120
SCANS 16
DUMMY 1
FREQU 7514,
ACQTY I
PD 4.
RGAIN 20
BF 0.
EXMOD single_pulse. ex2
IRNUC H
IFR 500,
IRSET 0
IRFIN ~88.
IRRPW 92
IRATN 0
CSPED 0,
CTEMP

| PRNT_DATE

JOF

16 MHz

.0 kHz

4525 Hz

266 Hz

L7459 s

0 s

25 Hz

16 MHz

.0 kHz

4525 Hz
us
0 Hz

2024/Aug/17 22:11:17



2-methylbiphenyl (10ia) *°

Me
'"H NMR
(Y 91%, reaction mixture)

N - oo wwn << OO MMMOHMANN NONNNN N - o~
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Enlarged, m
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5/ppm ('H)

: internal standard (pyrene), ® : the product
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DFILE  D:¥202301 Immobil NNCPd_RI_EB_YZ_SD_RN
YCRYNMRAF AT % YCR177_PROTON-3_2Me_ns. RM1

ORGFILE  E:YNMRYCR177_PROTON-3. JDF
DATIM  05/Apr/2024 13:17:34
COMNT
36/CR177

OBNLC H
OFR 500, 16 MHz
OBSET 0.0 kHz
OBFIN 88,4525 Iz
Pl 5.7 ps
PW2 0.0 us
PW3 0.0 us
P11 0.0 ms
P12 0.0 ms
P13 0.0 ms
LOOP1 0
POINT 13120
SCANS 16
DUMMY 1
FREQU 7514, 266 Iz
ACQTM 1.7469 s
PD 1.0 s
RGAIN 11
BF 0,25 Hz
EXMOD single_pulse. ex2
[RNUC il
1FR 500, 16 MHz
IRSET 0.0 k
IRFIN
IRRPW
IRATN
CSPED
CTEMP

‘II’RXT

DFILE - D:¥202301 IMMOBIL_NNCPD_RI_EB_YZ_SD_RN
YCRYCRIT7_PROTON-3_2ME_NS, RM1
ORGFILE  E: ¥YNMRYCR177_PROTON-3, JDIF

DATIM  06/Apr/2024 13:17:34
COMNT
36/CR177
OBNUC
OF
OBSET
OBFIN
Pl
Pw2
Pu3
P11
P12
PI3
LOOPT
POINT
SCANS
DUMMY 1
FREQU 7514, 266 Hz
ACQTY 1. 7459 s
P 1.0 s
RGAIN 14
BE 0.25 Hz
EXMOD single_pulse. ex2
IRNUC |
IFR 500, 16 MHz
IRSET 0.0 kliz
IRFIN 88,
IRRPW 92
0

9,9 o

CTEMI 19, ¢
< PRNT_DATE  2024/Aug/17 22:20:23



2-Methoxylbiphenyl (10ja) 2!

OMe
'H NMR

(Y 59%, reaction mixture)

YSE8E8EE8sYs58R8385888838R~ggs DFILE  D:¥202301 Inmobi |_NXCP_RI_EB_VZ_SD_RN
= 1 4 0 5 540 0 el YCRYCRI93 PROTON-3_ANIZ ns, RM1
ORGFILE E:¥NURYCR193._PROTON-3. JDF
DATIV. 19/Apr/2021 13:19:03
COMNT
36/CR193
OBNLC "
OFR 500, 16 Milz
OBSET 0.0 kliz
OBFIN -88, 4525 Hz
Pil 5.7 s
Pi2 0.0 s
Pi3 0.0 s
P11 0.0 ms
P12 0.0 ms
PI3 0.0 ms
LOOP1 0
POINT 13120
SCANS 18
([ ) DUNY 1
FREQU 7514, 266 Hz
ACQTY 1.7159 s
1.0 s
2
0.25 iz
single_pulse. ex2
it
%% Eﬁ & 500, 16 Miz
@ o~ . ‘ a U7
oy 5N ~Nos -88. 4525 Hz
[ | 92 s
‘ 0
h | ,. L
i ; WYL 3 23.9 o€
--------- T Tt errrr| PRNT_DATE  2024/Aug/0B 14:46:28
9 8 1 6 5 4 3 2 1 0 B
5/ppm('H)

Enlarged, ® : internal standard (pyrene), ® : the product

88 B @3 2% DEILE  D:¥202301 IMMOBIL_NNCPD_RT_EB_YZ_SD_RN
== S 8553 B& YCRYCR193_PROTON-3_20ME_NS. RMI
e ORGFILE  F:YNMRYCR193_PROTON-3. JDF
Vi [/ X DATIM  19/Apr/2024 13:49:03
COMNT
6,/CR193
OBNUC 0
OFR 500, 16 Mz
OBSET 0.0 ki
OBFIN
Pl
[
i3
Pl
PI2
PI3
LOoP1
| POINT
SCANS 16
UMY I
FREQU 7514, 266 Hz
ACQTY 1. 7159 s
PD 4.0 s
Rl’;!\l\i 24 ‘
BE 0. 25 1z
. . . E ‘ EXMOD single_pulse, ex2
N a by _ TRNLC H
1 w — “w - w | ; X G MHz
g g8 5 & < g g g {LEH 500‘ Lhk\ma
o ~ oo S o o pid o IRFIN 88, 4525 1z
] TRRPY 92 s
IRATN 0
‘ | I CSPED 0.0 I
1 b A Z
7‘\“7 ”‘l il T M\,, R m‘ 1] M e CTEWP 23,9 <
: . : : ; . . . : : : . - . -~ PRNT_DATE  2024/Aug/17 22:25:03
8 7
&/ppm ('H)
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2-Phenylpyridine (10ka) '3 1

N
| _N
"H NMR
(Y 49%, reaction mixture)

RB8ER22ES83ZBRRERRLEEZGEEIVSIFRSIBIARRLLYRIIRG -8 DFILE  D:Y202301 Tmmobi 1 NNCPA_R1_EB YZ_SD RN
©6 00 65 60 o5 &5 0 60 P~ P e e e e e e e e e e al-l-r-‘ﬂ-l-l-‘-r-ar-q'r-:rrr:-l:-:--ér-;v-':\'r rjaanla YCRYNMRA H7 7% YCR183_PROTON-6_py )
\ ORGFILE  E:YNMRYCRIS3_PROTON-6, JDF
DATIM  11/Apr/2021 11:50:58
WNT
36/CR183
OBNIC M
OFR 500. 16 Witz
OBSET 0.0 Kl
OBFIN
Pl
P2
P3
P11
P12
P13
LOOP1 0
POINT 13120
SCANS 16
DUMMY 1
FREQU 7514, 266 Iz
ACQTY 1.7159 5
PD 10
RGATN 20
BF 0.25 Wy
EXMOD  single_pulse. ex2
TRNIC m
g3 H;RI r 500, 16 Milz
3 8 SE 7
= o IRFIN
\ TRRPY
b|L I [RATN
\ i CSPED 0.0 Iz
(N S Y CTENP 21,8 of
......... e T e e g ) PRNT_DATE  2024/Aug/08 14:22:47
9 8 1 6 5 ) 3 2 1 0 -1
&/ppm ("H)

Enlarged, ® :internal standard (pyrene), ® :the product, ® starting materials

DFILE  D:¥Y202301 IMMOBIL_NNCPD_RT_EB_YZ_SD_RN
YCRYCR183_PROTON-6_PY_NS. RMI

ORGFILE  E:YNMRYCR183_PROTON-6, JDF

DATIM  11/Apr/2024 11:50:58

8. 6966
—-8.6875

COMNT
36/CR183
OBNUC H
OFR 500, 16 MHz
OBSET
OBFIN
Pl
Pi2
i3
PI1
P12
u PI3
LOoP1
POINT
SCANS
DUMMY I
FREQU 7514, 266 Hz
ACQTY 1. 7159 s
PD 1.0 s
u ‘ RGATN 20
B 0,25 Hlz
. . . . EXMOD single_pulse, ex2
S ) 8 ”i;l'(' r:-::: 16 Mt
o o (] =] o @ (=] - e © | 500, 16 7.
by 3 g 2 g 8% § gRFRZ3 IRSET 0.0 Kiz
= = O P - ~* ae TRFIN 88, 4525 1z
IRRPW 92 s
‘ H | i TRATY 0
| “SPED 0.0 Iz
B L e ) | NIV ,'VL‘,r.,h;w.__mw_ - ,‘ufl\,'l.,w'wl_\l" "\ v e e CTENP 21, 8 o€
: : : : : . . :  PRNT_DATE  2024/Aug/17 22:37:59
&/ppm ('H)
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2-Phenylnaphthalene (10la) '°

Isolated (crude 36%, containing solvents)
'"H NMR

DFILE  D:¥202301 Immobi1_NNCPd_R1_EB_YZ_SD RN
YCRYSMAE jif BINMRYCR 1 62-AFTERGPC_PROTON-3
naph_ns, RM1

ORGFILE  E:¥NMR¥APR15-2024-162- 1Y LOYPDATAY1 ¥
11
DATIM  16/Apr/2024 11:04:25
COMNT
OBNLC Ll
OFR 400, 13 Mz
OBSET 0,0 kliz
OBFIN 10003, 76 1z,
i 14,0 s
Pi2 1.0 s
Pu3 28.0 s
Il 1.0 ms
PI2 0.0 ms
. P13 0.0 ms
® 1LO0P1 0
> POINT 65636
g; « SCANS 16
83 | DUMMY 2
@i | FREQU 8012, 82 Iz
| ACQTY B.1789 s
| P 1.0 s
| ‘; RGAIN 197
° > BF 0,25 Hz
=[] (5 EXMOD
(1 IRNLC
[ 1] IFR
! IRSET
' IRFIN
| ‘tJJ IRRPW
[ m Mt b IRATN
--------- - A i ik w3y
9 8 7 6 5 4 3 2 0 =1CTEMP
&/ppm('H) PRNT_DATE
BC{'H} NMR
CRERIVTTSISABRE IZR DFILE  D:¥202301 Immobi | NNCPd_R1_EB_YZ_SD_RN
g5 sRRNELSSISE L YCRYSWA:ARNMRYCR162-CARBON_CARBON-3_na
R e fid ph_ns. RM1
S E——— y ORGFILE [ YNMRYCR162-CARBON_CARBON-3, JDF
DATIM  17/Apr/2024 20:00:32
COMNT
36/CR162-carbon
OBNLC e
OFR 125, 77 Milz
OBSET 5.0 khz
OBFIN 319, 4222 liz
Pl 11917 ps
Pi2 0.0 ps
P3 0.0 s
PI1 0.0 ms
P12 0,0 ms
P13 0.0 ms
LOOP1 0
POINT 26224
SCANS 1024
DUMMY 1
FREQU 31456, 86 11z
ACQTM 0. 8336 5
[0 2.0 s
RGAIN 50
BF 0.25 iz
EXMOD single_pulse_dec
IRNLC "
IFR 500, 16 Mz
[RSET 0.0 k
[RFIN
IRRPW
u [RATN
il Al CSPED 0.0 Iz
v e e e Py ey CTEMP 24,2 o€
190 180 160 150 140 130 120 110 100 90 80 70 60 20 10 0 ~1GRNT_DATE  2024/Aug/08 13:15:31

8/ppm(%C)
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Ethyl 4-phenylbenzoate (10ma) 2!

EtO

0]
"H NMR (Y 64%, reaction mixture)

25895 =4== DFILE  D:¥202301 Inmobi1_NNCPA_RT_EB_YZ_SD_RN
hd v ;—‘--j—.‘ YCRYCR165_PROTON-3_Et0C
WA i ORGEILE 1 YNMRYCR165 |
DATIM  04/Mar/2024 16:
“OMNT
36/CR165
OBNUC It
OFR 500, 16 Mz
OBSET 0,0 kilz
OBFIN 88, 4525 1z
Pl 5.7 ps
Pi2 0.0 ps
Pi3 0.0 s
P11 0.0 ms
= PI2 0.0 ms
2 - P13 0,0 ms
< @ LOOP1 0
; ~ POINT 13120
| 8 SCANS 16
] DUMMY 1
ol + - FREQU 7514, 266 Hz
o % ACQTM 1. 7159 s
| = P 1.0 s
3 ,i N RGAIN 16
g B 0.25 Itz
E ‘S La EXMOD single_pulse. ex2
A IRNLC "
‘I il IFR 500, 16 MHz
| H ‘ [RFIY
[ |
IRRPW
| TRATN
CSPED
/ . CTEWP 19, 6 o
......... T e o TS TTITIIITT PRNT DATE 2024/Aug/08 1410628
9 8 1 6 5 3 2 1 0 -1

4
&/ppm('H)

Enlarged m :internal standard (pyrene), ® : the product

T PRNT_DATE  2024/Aug/17 22:55:34

28 8% 528 8% 232232 33F £ 3 DFILE  D:¥202301 Immobil NNCPd_RIT_EB_YZ_SD RN
—— —-5 553 o5 LooLEn  wEFT & o RYCR165_PROTON-3_E10C0_Br_ns. RM1
eSes eSeses eSSk RN RS e ORGFILE  E:¥NMRYCR165_PROTON-3, jdf
VNSNS VL A DATIN. 04/Mar /2024 16:56:39
COMNT
36/CR165
OBNLC H
OFR 500, 16 MHz
OBSET 0.0 kHz
OBFIN -88, 1525 Iz
Pl 5.7 s
iz 0.0 s
Pi3 0.0 s
PIL 0.0 ms
PIz 0,0 ms
. P13 0,0 ms
& LOOP1 0
s POINT 13120
[} u ‘ ] SCANS 16
@2 o0 =] DUMMY
- 03 ( < FREQU 7514, 266 Hz
~ =~ 1 8o | | ACQTY 1.7459 5
,- 2= | PD 4.0 s
= - = P RGAIN 16
‘ e PR = BF 0,25 Iz
| I = 3 I E ."‘ EXyon single_pulse, ex2
; = | - IRNUC H
; ISy : IFR 500, 16 MHz
{ J [ / | RSET 0,0 kHz
| ! { ] { TRFIN 88, 4525 Hz
A : ! IRRPW 92 s
‘ \ | J ‘ IRATN 0
CSPED 0,0 Hz
MO ".J\.L__.J»L___ o e __ CTRNP 19,6 <
8

5/ppm ('Hy
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