ANVIREEHTD
WERERER Y ~—0DOER

A5FN 5 AR

SERFRFABGHIEA = a R
R kA ) _— 3 LEEIL

Y P2



Hk

<2-1> o- BT 7 UIVEE B) DA
<2-1-1>  tert-Butyl 2-(Hydroxymethylacrylate (2) DA,
<2-1-2>  tert-Butyl 2-Bromomethyl)acrylate (3) D&%,
<2-13>  tert-Butyl 2-Dodecyloxymethyl acrylate (4) DAk
<2-15> 2 - Dodecyloxymethyl acrylic acid (5) (D&%

22> THEIFvIRY<—(6) DAL
<2-2-1>  Poly(2-Dodecyloxymethyl acrylic acid) (6) > /% (Scheme 5)

<2-4> (i VRIS
<2-5> ff AR
<2-6> i HALE

FoE RREEL

<3-1> methyl 3-hydroxyprop-1-ene-2-sulfonate 8) Ak

<3-2> 3-((2(dodecyloxy)methyl)acryloyl)oxy)propane-1-sulfonic acid (10) Ak,
<3-3> 3-(isobutoxysulfonyl)propyl 2-hydroxymethyljacrylate (12) D4 5%

<3-4> 3-((2((dodecyloxy)methyl)acryloyl)oxy)propane-1-sulfonic acid (14) &k,
<3-5> 2-(Dodecyloxymethyl)acrylic Acid DRI 7 2 1 /L A

LB6> R Y ~— Dl 5

«

FIUEE  Hedh

253K
Eirge

© o0 N B

10
11
12

13
14

15

16

17

36
37

38
39

42

45

47
48



Synthesis of Vinyl Sulfonic Acid Derivatives with Hydrophobic Groups

Yuna Shiba

March 2024
1. Introduction

Amphiphilic polymers have attracted much attention 0/°12"'25 C12H2s

in recent years because they form various aggregates and
exhibit  stimuli-responsive properties through the *\i o — 05=0
interaction between hydrophilic and hydrophobic HO OH
moieties. In general, preparation of amphiphilic block Poly-1 Poly-2

copolymers requires precise synthesis techniques such
as living copolymerization.  On the other hand,
amphiphilic homopolymers can be simply synthesized
by polymerization of amphiphilic monomers that have
both hydrophilic and hydrophobic groups in one
molecule, and expected to be able to achieve a good

balance between hydrophilic and hydrophobic
properties.
Previously, we have synthesized amphiphilic

homopolymers (Poly-1) having carboxy groups as
hydrophilic groups and dodecyl groups as hydrophobic
groups, and investigated their amphiphilic properties.
As a result, Poly-1 was found to form reverse micelles
in a hydrophobic solvent (oil) such as hexane and to be
able to extract Rhodamine B, a water-soluble dye, from
water to oil, suggesting the possibility of using Poly-1 to
remove toxic substances and recover effective resources
from sea or river water. However, highly polar water-
soluble dyes such as Brilliant Blue are not extracted at
all, and while we have found that there is selectivity for
dyes extracted by Poly-1, the details of this selectivity
have not been clarified.

Poly 1 in Hexane - !
~Na Mix

Rhodamine B and !

Brilliant Blue FCF
In this study, we investigated the synthesis of
amphiphilic monomers with sulfo groups or their
derivatives instead of carboxy groups, which have been
investigated as hydrophilic.

2. Results and Discussion

Firstly, we tried to synthesize novel amphiphilic
homopolymer with sulfo group (Poly-2) from ethyl
vinylsulfonate by the same synthetic route as Poly-1.
However, Morita-Baylis-Hillman reaction , which was

Figure 1. Chemical structures of amphiphilic homopolymers.

performed to introduce a hydroxyl group, against ethyl
vinylsulfonate did not proceed.

Therefore, we carried out the reaction of the
monomer of Poly-1 with 1,3-propanesultone to
synthesize the amphiphilic monomer with sulfo group
(3) from the monomer of Poly-1 (1) by changing
carboxy group to sulfo group (Scheme 1). The
generation of objective amphiphilic monomer with sulfo
group (3) was confirmed by *H NMR measurement, but
the isolation of objective monomer was not achieved due
to the presence of many by-products.

C12Has

CqoH “ciO °
C12H2s §= o
o Et;N (o]

o o

o CH,CI,
OH
0=S8=0
1 OH

3
Scheme 1. Synthetic from the monomer of Poly-1

In addition to Rhodamine B and Brilliant Blue, we
also tried to investigate the extraction ability of Poly-1
in detail by using a number of water-soluble dyes, but all
dyes were difficult to extract, suggesting that the
extraction ability of Poly-1 is insufficient.

3. Conclusions

We attempted to synthesize  amphiphilic
homopolymers with sulfo groups introduced as
hydrophilic groups. However, the syntheses of
amphiphilic monomer with sulfo group were difficult.
Since the extractability of Poly-1 was insufficient, it was
suggested the usefulness of amphiphilic homopolymers
with sulfo groups.
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<2-1> o - BT 7 VU ILEE (5) DAL

<2-1-1> tert-Butyl 2-(Hydroxymethyl)acrylate (2) ™A%  (Scheme 1)

YT RT A v I AE =T = F L5000 ml T AT T A2l ert- 7 F AT 7Y L
— K (1) 20.0 g (156 mmol), &/~ VU > 127 g (156 mmol), 14 -7 ¥ 7/ nm
[2.2.2]4 7 # > (DABCO) 17.5 g (156 mmol), 1,4->4 %4> 200 ml, Z&&{7K 200 ml
ZEVIRY | |RT 48 B Lo, ROSK TH%R, Y=F o —7 LTI, 7%
HKTHNE Uiz, MoKiiiE~ 7 R0 A THRE, WIREZRBIEREEL, U 7L
AT 5 (ZraFRL) ICEVE 2 s sil, EEERRARE LT tert-Butyl 2-

(Hydroxymethylacrylate (2) %z 437-,

Yield  6.32 g (25.6 %)

+ "H NMR (CDCls), 3, ppm

d
a) 6.14 (s, 1H) b) 5.73 (s, 1H) . OH
¢) 4.27 (d, J=6.4Hz, 2H)  d)2.35 (t, J=6.4Hz, 1H) bH ~ °j<
aH o e
e) 1.50 (s, 9H)
- '3C NMR (CDCl3), 5,
( 3), 8, ppm c oH
A) 162.0 B) 139.0 C) 124.0 5]/;;\(0 5
D)818  E)628  F)28.1 ¢ 98 \|<F
- IR (NaCl), cm™

3566 (v o) 2980 (v ) 1699 (v c-0) 1151 (v c.0)
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<2-1-2> tert-Butyl 2-(Bromomethyl)acrylate (3) ® 5%  (Scheme 2)

VITAXT A v I AE—T =& H LT 200 ml A7 T A 2T tert-Butyl 2-
(Hydroxymethyl)acrylate (2) 3.12 g (20.2 mmol), = F/L=—7 /)L 25ml Z &V i~ 7=,
itk %E—- 10 °Cic L, =8fkVU > 256 g (10.1 mmol) Zhz., ZDFEFEFEFTE6
RFfEIBEEE L7z, DO T %, SOSRA I fafnmRERKET N Y o LOKEER 2N 2 36
BRI L, Y F =T U ThlE . ZBRRK TS LTz, BOKEiE~ 72 2 U AT
WIS . VR AR 2 L. GBI & LC tert-Butyl 2-(Bromomethyl)acrylate
(3) =157z,

Yield  3.12 g (74.3 %)

Br

Cc
* "H NMR (CDCls), §, ppm ° Hﬁ)iﬂ/o
T

a) 6.22 (s, 1H) b) 5.85 (s, 1H) aH o
c) 4.15 (s, 2H) d) 1.53 (s, 9H)

- '*C NMR (CDCls), 8, ppm E _Br
Bl Ao D
A) 164.1 B) 139.0 C) 128.0 C/I//\rf \|<

D) 81.8 E) 29.9 F) 28.1

- IR (NaCl), cm™
2979 (vcn) 1716 (v c=0) 1370 (v car) 1153 (v c-0)
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<2-1-3> tert-Butyl 2-Dodecyloxymethyl acrylate (4) ® & 5% (Scheme 3)

VYT RT 4y AKX —TF — & LTz 100 ml A7 F A3 tert-Butyl 2-
Bromomethylacrylate (3)7.41g (33.5 mmol), 7 v u A %> 43ml, DMAP 0.41g (3.35
mmol), ~ VU =F /L7 I 10.2 g (101 mmol) Z &Y HtY . 1 - Dodecanol 12.5 g (67.0
mmol) /N x, ZEH N, ERT7 AMBE L, BOSK TH,. INHClag % i 2 Bk
2L, Y7 mm A& o Thil, fafn K Tl L, KRG~ 7 1RV U A THE
s, WIZRIEREEL, YU BTN AT L (7 erRv L) IR0 LA & 5rE
L. EEEIAR L LT tert-Butyl 2-Dodecyloxymethyl acrylate (4) % 15%7-,

Yield 2.92 g (39.6 %)

+ '"H NMR (CDCls), 8, ppm (Fig. 7)
a) 6.18 (s, 1H b) 5.78 (s, 1H g
) 6.18 (s, 1H) ) 5.78 (s, 1H) . O\d/e\(\* h
c) 4.13 (s, 2H) d) 3.47 (t, J = 6.8Hz, 2H) b Hw);(o o
‘2
e) 1.57 (br, 2H) ) 1.49 (s, 9H) H o \|<f
g) 1.29 (br, 18H) h) 0.88 (t, J = 6.8Hz, 3H) @
- '*C NMR (CDCl3), 8, ppm (Fig. 8)
A) 165.4 B) 139.2 C) 124.3 D) 80.9
E) 71.9 F) 69.0 G) 32.0 H) 29.9
|
1) 29.4 J) 28.9 K)22.8 L)14.2 . O\E/H\H/G\/L
c%”‘(o o
- IR (NaCl),cm?®  (Fig. 9) o \|< J

2925 (v c-n) 1709 (v c-0) 1109 (v c0)
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<2-1-5> 2 - Dodecyloxymethyl acrylic acid (5) ® & h%  (Scheme 4)

VT RT 4 v I AKX —F—&¥E L= 100 ml 7 A7 T & 2T tert-Butyl 2-Dodecyl

oxymethyl acrylate (4) 2.92 g (8.94 mmol), ~ VU 7 /L7 vz 3.06 g (26.8 mmol), ~ 7
mwa A% 3,00 m AR, =R T 24 ReflfE#E Lo, BOSHKE T, IN HCI aq %N
A, Vr7mna AR T U, B~ 7220 NTRIRE . W2 RS 5
L. HfE{AE LT 2 - Dodecyloxymethyl acrylic acid (6) % 547~

Yield  1.20 g (49.6 %)

- 'H NMR (CDCls), 8, ppm
a) 11.1 (s, 1H)
c) 5.97 (s, 1H)
e) 3.49 (t, J = 6.1 Hz, 2H)
g) 1.27 (m, 18H)

» 3C NMR (CDCls), 8, ppm

(Fig. 13) f 9

b) 6.41 (s, 1H) b J
H . OHa

d) 4.18 (s, 2H)
f) 1.61 (m, 2H)
h) 0.88 (t, J = 7.0 Hz, 3H)

(Fig. 14)

A)171.3 B)1369 C)1280 D) 71.2 E O \D/G\Qf\/ J
E) 68.5 F) 32.0 G) 29.7 H) 29.5 i[A(OH 7
C
1) 22.7 J)14.1 o)
- IR (KBr), cm? (Fig. 15)
2400 ~ 3500 (Vo.H) 2913 (Vc_H) 1696 (cho) 1121 (Vc.o)
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<2-2> THIF v IRY<—(6) DARK

<2-2-1>  Poly (2-Dodecyloxymethyl acrylic acid) (6) @& J% (Scheme 5)

% / ~— (5) 500 mg (1.85 mmol), BHMEHITH D 2,2-7 V EA(4-A FF 24T A
F 3= fL) (AMVN) 285 mg (0.925 mmol) %7 > 7VEIZEV LY . BF T
IZL7RREE TR Y 7 aa A 2 0 1.85 ml 2z 7=, D%, freeze-thaw IEIZ LY 5
EIfE L, B L2 T I VEILT IV IRA BN TEE L, 30 °C T 48 R
RS, TER= MU MK HIEEA1TH 2 & THABKDORY ~— (6) & HAE
L7,

Yield 221 mg (44.2 %)

* GPC :Mn =7,600, Mw/Mn =144

- IH NMR (CDCls , 5, ppm (Fig. 19)
3) b) 3.35 (br, 2H) y bKO\"/e\@; 9
¢)3.15 (br, 2H)  d) 2.03 (br, 2H) +°”2‘°t
e) 1.57 (br, 2H) ) 1.26 (br, 18H) " M
g) 0.88 (br, 3H)
- 3C NMR (CDCls, 25°C), 8, ppm (Fig. 17)
A) 1815 B) 77.4 C) 74.7 c o \B/F\H/H\/J\
D) 49.1 E) 38.1 F) 32.1 -égHzEg- Je 1K
G)29.9 H) 29.5 1) 26.4 0% oH
J)22.8 K) 14.2
- IR (NaCl), cm™ (Fig. 18)
2500 ~ 3500 (Vo) 2925 (Ver) 1718 (Veeo) 1113 (Ve.o)
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<2-4> fifi FH A it

-~ (Toluene)
TRD bV 2Rl K, BEFREEAKFET MY U LKW, KONETHE
L. KW~ 7 12U LML VL, XYy T2 BRI NI U LR,

HAEG LT2t%, ZE LT b0 LT, bp 110.6 °C

LU e mifiin &2 € O FEH Lz,

- 7 unu /L (CHCI)

- Yz F T —7 )b (Et0)
< 14-UFFH

« A& ) —)L (MeOH)

- #54k A F L > (CH.CL)
« ~ 2 (Hexane)

- Wiz = F )L (AcOEY)
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<2-5> fifi K

“tert-7F AT 7Y L— |

c1-RTH /) —)v

- =54V > (PBrs)

c4-VAFNLT I EY Y (DMAP)

2 22-T YV ERA@-A bF 24T AF AL E= kL) (AMVN)
s AR Y (RAVLT AT E R 3T% &4)
c14-UTH s a22]4 7 % (DABCO)
- MU ZF T I (EtN)

- 1% (conc. HCI)

- HibF N U 2 (NaCl)

- REEAKFET R U A (NaHCO3)

- SR~ 7 % 2 T I (MgSOs)

- U BT

19



<2-6> fifi HALE

- IH NMR, 8C NMR A7 K LVHIE

JEOL JNM-A5007%! &/ i REAZ s e 4t

“ IR A7 hVEEE

JASCO FT/IR-4100% #4563

- GPC il E
(mH+H) A7 :JASCO PU-2080
fr %« JASCO RI-2031

717 . 0 TOSOH TSKgel MultiporeHx -M X2

eluent : THF

standard : Polystyrene

20
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Fig. 1 'H NMR spectrum of tert-Butyl 2-(Hydroxymethyl)acrylate (2) (CDCls)
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Fig. 2 "C NMR spectrum of tert-Butyl 2-(Hydroxymethyl)acrylate (2) (CDCl;)
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Fig. 3 IR spectrum of tert-Butyl 2-(Hydroxymethyl)acrylate (2) (NaCl)
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Fig. 4 '"H NMR spectrum of tert-Butyl 2-(Bromomethyl)acrylate (3) (CDCls)
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Fig. 5 3C NMR spectrum of tert-Butyl 2-(Bromomethyl)acrylate (3) (CDCl;)
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Fig. 6 IR spectrum of fert-Butyl 2-(Bromomethyl)acrylate (3) (NaCl)
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Fig. 7 '"H NMR spectrum of tert-Butyl 2-Dodecyloxymethyl acrylate (4) (CDCl3)
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Fig. 8 "C NMR spectrum of tert-Butyl 2-Dodecyloxymethyl acrylate (4) (CDClI5)
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Fig. 9 IR spectrum of tert-Butyl 2-Dodecyloxymethyl acrylate (4) (NaCl)
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Fig. 13 'HNMR spectrum of 2 - Dodecyloxymethyl acrylic acid (5) (CDCls)
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Fig. 14 13C NMR spectrum of 2 - Dodecyloxymethyl acrylic acid (5) (CDCl3)

50

40

30

20

10



43

% T

1

4000

|
3500

| | |
2500 2000 1500

Wavenumber (cm %)

|
3000

Fig. 15 IR spectrum of 2 - Dodecyloxymethyl acrylic acid (5) (KBr)
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Fig. 19 '"HNMR spectrum of Poly (2-Dodecyl oxymethyl acrylic acid) (6) obtained by radical polymerization
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Fig. 20 3C NMR spectrum of Poly (2-Dodecyl oxymethyl acrylic acid) (6) obtained by radical polymerization
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Fig. 21 IR spectrum of Poly (2-Dodecyl oxymethyl acrylic acid) (6) obtained by radical polymerization (KBr)
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<3-1> methyl 3-hydroxyprop-1-ene-2-sulfonate (8) ™A ik,

HO
—\ _0O HCHO aq. / DABCO
_.S” >
N\
0" o-cH; /ES//O
“ N\
O o-CH,
7 8
Run Solvent HCHO DABCO Temp. Time Yield
(eq) (eq) (C) (days) (%)
1 DO/H0 1.0 1.0 rt 2 -
2 benzene 3.5 0.1 reflux 3 -

100ml 27 Z 2=z, &k, HCHO, DABCO. &k L7= Methyl ethenesulfonate (7)

1.0g (8.2mmol) &= v Aiv, ZNENED L D IR TRIE L,
FXTO Run THMIWIFE SN2 o7,

HO
=\ 0 PFA / DABCO
_S7 '
O \()_CH3 //O

-S
0" o-cH,
7 8
Run Solvent PFA DABCO Temp. Time Yield
(eq) (eq) (W9 (h) (%)
1 'PrOH/THF 1.4 0.2 rt 2 -
2 Benzene 3.0 0.1 reflux 120 -
3 '‘BtOH 1.0 0.1 55 120 -

100ml A 7 Z X 2|2, L. Paraholmaldehyde g (mmol) . & H& L 72 Methyl
ethenesulfonate (7) 1.0g (8.2mmol) %IV AL, ENEFNED X 5 ek TR L,

T _TO Ran CHEMIIE LN T,
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<3-2> phenyl 3-hydroxyprop-1-ene-2-sulfonate (10) ™A ik

HO
_/\S//O HCHO aq. / DABCO <\
O/ \ = //O
o) _S;
o)
9 10
Run Solvent HCHO DABCO Temp. Time Yield
(eq) (eq) ¢C) (days) (%)
1 benzene 3.5 0.1 reflux 3 24

50ml A7 Z 22\, {AlE, HCHO, DABCO, £k L 7= phenyl ethenesulfonate (10)
Z 1.0gHID Adu, INEGERE L7235 3 A RIS L7,
Higp & U CHAERRENG O NTR, Rilin% <. BT 52 LN TEien

S7,

methyl 3-hydroxyprop-1-ene-2-sulfonate (8) DAL Tlx, A F L A FIVENBEFARE T
DT, A MXIZ DABCO REEL TLEV, EHEE o7& 25
b,

<3-3> 3-(isobutoxysulfonyl)propyl 2-(hydroxymethylacrylate (12) D& ik

HO

0
/\(O )\f
o) (6]
DABCO/HCHO
\H >
0=8=0 1.4dioxane/H,0 o:§:o
by By
1 12
Run Solvent HCHO DABCO Temp. Time Yield
(eq) (eq) cC) (days) (%0)
1 1,4-dioxane/H,0 1.0 1.0 rt 3 -
2 1,4-dioxane/H,0 1.0 1.5 rt 3 -
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300ml A7 7 R 2|z, ¥, HCHO, DABCO, 3-(isobutoxysulfonyl)propyl acrylate
(11)%Z 1.0 g IV Azv, =T 3 B L7,

HEOIIE SN0, Rini% <. MY BRS 2 &IXTERN -7,

<3-4> 3-((2-((dodecyloxy)methyl)acryloyl)oxy)propane-1-sulfonic acid (14) ®4 k%

C12Has

Table 1 &1k 5ett:

5 EtsN CH.Cl, Time Temp. Yield

Run g (mmol) g (mmol) 13 péo(pr)grr;eglliltone ml Day °C g (%)
1 1.0(3.7) 037@3.7) 0.45 (3.7) 3.0 1 It -
2 10(37) 0.37(3.7) 0.90 (7.4) 3.0 1 It -
3 1.0(3.7) 037(37) 0.90 (7.4) 3.0 4 It -
4 05(L9) 0.19(L9) 0.68 (4.6) 15 4 It -
5 05(1.9) 0.19(L9) 0.90 (7.4) 4.0 4 It -
6 05(L9) 0.9 (L.9) 0.45 (3.7) 3.0 4 It -

10ml A7 Z 2=z, &, EtN, DABCO. 2 - Dodecyloxymethyl acrylic acid (5) %
Table 1 D@ Y MY Adv, =ik CTHHFRL 72,

Run 1: S T#. BUGH % NaCl ag. HCI THE##%. 'H NMR (2 CTHESE 2 HERR L 72,
HEMIDOE — 7 BN EHN TV, R EBbns v — 7B 617,

Run 25 : e 2ALH L, RISZAT-7e, RUSH TH#., RIS % NaCl ag, HCI T,
&% 'HNMR THER Lo & 25, TARNTOERMETHIPOE =27 TR LR, RK
ISR AR D — 7 BB BT,

Run 6 : & T CHILEIT> 7o, BUSKE T# . KIS¥% NaCl ag. HCI T, 'H NMR
39



THESEZMER LT 2A, HEMOE— 713G 6TV, D LRRIS oA o
V=7 NI,

b
oo ¢ 5 ) '
A /\/\/H\
CH)I\O i K 7 n
0" 0
d\\h
0
9 s" n
d' “OH
b
c
a
\IIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIII|II
7 6 5 4 3 2 1 0
ppm
Fig.1 Runé T/& 572 (14)? HNMR
o 0]
\/% NaOH \/%
_—
OH MeOH ONa
0]
15 16
Run Solvent NaOH Temp. Time
(eq) W) (h)
1 MeOH 1.3 rt 18
O o
\/%i\o Et;N,1,3propanesultone M 9
ONa O_~_ S—OH
EtOH o)
o 0]
16 14
Run Solvent 1,3 propanesultone Temp. Time Yield
(eq) W) (h) (%)
1 EtOH 1.1 90 8 -
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10ml 27 Z 2=z, ¥, NaOH., 2 - Dodecyloxymethyl acrylic acid (5)% ]V Aiv,
HIRT 18 Wi L/=, 10ml 72 7 5 2 2|2, ¥, 1,3 peopanesultone, 15541
ZAAEE 16)ZH Y Adu, 90°CTHMHEGER LR 6 8 Ktk L=, HRHoE
—Z IR ONTEN AL < VRS Z LT TE o7,
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<3-5> 2-(Dodecyloxymethyl)acrylic Acid DIAEHR 7 ¥ 1 VES

O~ y (OVQ;
%TOH 10 Initiator _ ‘GCsz\%’

0 Solvent 0” “OH
5 6

Table 2 2 - Dodecyloxymethyl acrylic acid (5) DIEHE 7 ¥ )V E S

. . Yield
fun 5 Solvent Initiator 5]/ 1] Teimp. Time mg M Mw / Mn
mg (mmol) ml mg C h (%)
Toluene  AMVN 38.8
1 150 (0.555) 299 171 10 60 48 (25.9) 11,000 1.31

OCHy CH;  CHy OCHs
HyC~C—H,C~C—N=N-C~CH,"C~CHs
CH; CN CN  CHs

AMVN
V-70

<3-6> 7R U ~— D TR

Poly-1 (Mn = 11,000) Z N CHiH EBR 217> 72,

- Rhodamine B

LLAET. B> 7 LRI 0.01mM [Z78% L 7~ Rhodamine B Kig#k. RV ~ — Kk
(1.0mM) ZZhEn 2ml o AN, KT v 7 A FH—T 60 B, 2 FEDOIEIR
PRHEL, BEEORETEZBIR LA, AV UEA~OHMENARETHD Z &

NRB ST,

Fig. 2 Rhodamine B ® i 525
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{ERE L7 )~ — OIRHEEIC DV T & BICREM A 21T 5 7,
Rhodamine B & [Al#kD J7 ik T EBR 217 - 72,

- 7Y Y7 7 I)IL—FCF
B 7 UHRIZ 0.00mM (IZFRFEE L7277 U U 7 v R 7 L—FCF KRR, RV ~—ik

(1.0mM) ZZHnFh 2mlFo AN, BT v 7 ZIX%H—T 60 B, 2 FBEOWE

7058 O $0; 503
N;iii[‘il\!i 5;{;
\ S

7Y YT v N7 V—FCF

et L, FEROKRTZBIZE L,

Fig.3 7 U U7 v k7 /L—FCF Ot E5

« Nail red
B FUHRIZ 0.01mM IZFEEE L 7= Nail Red Kigik., &~ U ~—&ik(1.0mM) ZZh

Zh2m FoOAN, RVT v 7 AIFH—T 60 H. 2HEORERZTIEL, &

EROKT 2B LI,

OO

N

Me\':l N/ Kle
Me el

Nail Red

Fig. 4 Nail Red DfifiH 525k
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cAFNF LY

P T URRIZ 0.01mM (ZFHFE L= A F LA L v DKIEIKR,. R U ~—&HKE(1.0mM)
NN 2ml T oAN, BT v I A FH—T 60 B, 2 FEEORIR & ik
L. #HER DR F LB LT,

Me
AFNF LY
Fig.5 AT /AL vOHER
AKystEas% | RhodamineB 'y Y 7 k7 L—FCF Nail Red AFILFL D
Mg | O X A X
Table 2 il F5
AT O AR AT X
Et Et
S Cp YXoo®
“ O C
COH Na© Sy N~ Na'
< e

Rhodamine B
COXCL O
Na*
Mexu N/ ﬁHs
Me cl

Nail Red Me

AFNF LT

AR ChoT taFOMEL KT 5L, DWITNDALFEEZ S ATND D
ENGyino Tz, Poly-1 OHHEEIZFREN H D Z & R S Lz, & OBIRMEICIT
BEBENOERENRCEG LWL Z ENEX b,
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LA E TIZA R L TV =Poly-1 & [AER D G AR IS TRIS &Z R AT & 2 A, K
MR A AT AT DT A U A A U RINTHEE RN RN oT-, #
Z T, Poly-10%E /= —0 5, BUKENLTH DIV RF A A VR~ EET
THRIGEAT) 2L T/ ~—%5D 2 L 2RHT, WO EEFE LAK
L2y, Wb EISUSHORIE R B i, GlET 52 ENTE 0o
7o

72, Poly-1 OfIHRENC OV TEFEL S5 Z & 4 HAYIZ, Rhodamine B &7V
V7 v b7 —oficE BEaFEE MO TN ERZITT 72 2 A WThoaEb
HHITHE L v o7z, 2D Z D, Poly-1 TIEHIHEE NN ARE LTV D Z L HURIR
SN, ANVEEEBEALLER) ~—0FHAEREZLND,
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235 3Lk

1) fls B WRR 31 AR = HRHE L
2) TR EH&E Rk 26 AR = HORPE R S
3) Em o SRR 23 4R HE KPR TR

4 IR ok 26 4R HE = HAEE L
5) JIgE i B A S ERPHE LR

6) Shu-Zhong Wang , K.Yamamoto , H.Yamada , T.Takahashi , Tetrahedron, 48, 2333

(1992).

7) T Pelras, Macromolecules 2022, 55, 8795-8807
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AT
AR EATOICHT-V LT, ZRAQTHEELZTEE £ LEIR 5100 BEH
7mLET.
FRl, 2R TRBEBENT LZIcb b b9, ZBE L TL 72 & o T ARHE
i, TEHEEDZE, HAHSREINSEMEICIIE#H LT L EE A,
BEMAER LI FAEEELZEDL Z LN TELLOIIMREOEIAOBNT TT, KUOH,
AKBIZHOREHTIVE LT,
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