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Abstract: Water-soluble poly(dithiocarbonate)s were prepared through cationic ring-opening polymerization of 5-mem-
bered cyclic dithiocarbonates containing hydrophilic substituents, such as alcohol, triethyleneglycol, and morpholine. The
morpholine attached monomer underwent polymerization in CF;CO,H solvent, leading to in-situ protonation of an amine
moiety as a catalyst scavenger. When the prepared polymers were exposed to an aqueous copper(Il) ion solution, the con-
centration of free copper ion was measured by UV-vis absorption spectroscopy after adding a rhodamine chemosensor.
A characteristic absorption of a copper-rhodamine complex at 560 nm was weakened with polymer addition, indicating
consumption of free copper ion through the formation of copper-polymer complex. The absorption intensity of 0.5 pm
copper solution was reduced to 1/4 in the presence of a 200 ppm polymer.

Keywords: hydrophilic polythiocarbonate, copper-polymer binding, water-soluble thodamine copper sensor, ring-opening
polymerization.
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Sigma Aldrich Chemical(USA) A}2] A]¢Fo 2 9] XA 2}
Aglo] ARE-EIAT} RS2 silica gel plate(Merck 57152 A}
23t thin layer chromatography@ 431501 z}2]A
9 p-anisaldehydeE Z3sl= YL ofgt walo=z 3}
A3tk EEL] Eelo A= A=7H (Merck, 250-430,
Germany)s ©]-8-3+ ¥ ARvtETHE 18It 49
AN 7o 3Pk 812S VARIAN(USA)S! Mercury 300 MHz
9} 400 MHz NMRS- ARg-ste] 24813191, CDCLE &7
A YR 71E EAE ARSI

Alkanethiol(1) &4. Morpholine(4.40 mL, 50.0 mmol)S
1-bromo-3-chloropropane(10.0 mL, 100 mmol)< CH;CN(200
mL)ell =91 5 Cs,C05(19.7 g, 60 mmol) & o] Ao A
3A1ZF wRkelATh =S H7FSIAL ethyl acetate® WA ES
FZ3}] N-(3-chloropropyl)morpholine(7.4 g, 90%)S A1
ok A E(5.0 g, 30.6 mmol)yS E-2(170 mL)ol =<1 &
KI2.51 g, 15.3 mmol)2} #o] @ 9-#ok3.52 g, 45.8 mmol)S
A7Fste] 24A17F 31 th NaOH(1.93 g, 45.8 mmol) 4
£A (34 mLyS Whg7]o ¥ § 3AIZF SRS o R
21 Wkg Bool| S/HTE F7FSHL ethyl acetate® =5t
Atk 7152 FEg & 75 MeSO.E A e H IAE
Aeal 133)d 272 sk devbd & A=
MtEIH R e e GAlst] E=()E 8% T
&2 AUt 'H NMR(300 MHz, CDCLy): § 3.71(s, 4H),
2.58(t, J=7.0 Hz, 2H), 2.44(s, 6H), 2.17(s, 2H), 1.36-1.16
(m, 1H); C NMR(75 MHz, CDCL): J 67.0, 57.2, 53.7, 30.6,
22.6.

Epoxide(2) &4M. Alkylthiol(1)(4.1 g, 25.4 mmol) 1,4-
dioxane(50 mL)yY =21 5, KOH(4.98 g, 76.3 mmol)S =21
TN (26 mL)yS 37Igic) o] gMol| epichlorohydrine(6.10
mL, 76.3 mmol)S =YL A20A 24 AJ7F FF HESA]

Ath. TRTE Yol WS T4slaL EAR FESISTh
7155 77 MgSOE A § IAE AAsL W3 5
7|2 w53k A7 & A=rtE 2] 9 (EA/hexane,
1/10)2 oZA] ARE(2)S 55% &2 22819t 'H NMR
(300 MHz, CDCLy): 6 3.72(s, 4H), 3.16(s, 1H), 2.89-2.79
(m, 1H) 2.75-2.62(m, 3H), 2.60(d, J=7 Hz, 2H,), 2.44(s, 7H),
1.83(d, J=7 Hz, 2H); *C NMR(75 MHz, CDCL): 6 66.9,
57.6, 53.6, 52.2, 46.8, 34.2, 30.3, 26.5.

Cyclic Dithiocarbonate(M3) & M. Epoxide(2) (2.00 g,
920 mmol)2} CSy(1.1 mL, 184 mmol)e] EgH-g- Aol ZnjjZko]
LiOBu(41 mg, 0.46 mmol)E F 78k 3 30 CollA 48 A7+
I A7 3 3ZvlE T3 (MeOH/EA, 1/10)E
ARES w8 AASt 22]d ool e7tEM | E(M3)E
65% TE& & AT 'H NMR(300 MHz, CDCLy): 6 5.29(s,
1H), 3.73(s, 4H), 3.15-2.86(m, 2H), 2.79-2.59(m, 2H), 2.47
(s, 6H), 1.83(d, J=6.5 Hz, 2H); *C NMR(75 MHz, CDCl,):
5 211.5, 89.9, 66.6, 57.2, 53.4, 38.7, 34.0, 30.5, 26.5.

2-Mercaptoethanol B+ 2-(2-(2-methoxyethoxy)ethoxyeth-
anethiol*?} epichlorohydrine2] WF-0 2 FAJE of|EA] 59}
ES CS,9F HHSAIA WA M1(88%) M2(85%)E 4
ElSv A=

M1: 'H NMR(400 MHz, CDCly): 6 5.44(m, 1H), 3.99(s,
1H), 3.81(m, 2H), 3.79-3.62(m, 2H), 3.20-3.08(m, 2H), 2.80
(m, 2H; ®C NMR(100 MHz, CDCLy): § 212.5, 91.2, 62.1,
39.0, 36.2, 34.9.

M2: 'H NMR(300 MHz, CDCLy): 6 5.20-5.11(m, 1H), 3.75-
3.69(m, 1H), 3.60-3.53(m, 1H), 3.50-3.49(d, J=3 Hz, 1H),
3.28-3.20(d, J=24 Hz, 1H); *C NMR(75 MHz, CDCL): 6
223.7, 133.5, 130.7, 129.6, 127.7, 89.0, 38.5, 36.1.

IEX B2, A M1(1.05 g, 5.00 mmol) & E33h=
EZek2=39 CHCL(3 mLyE ¥ vHE 898 30 TE /4
st} o] Wkg-7]oll MeOTf(methyl triflate) (28 pL, 0.25 mmol)
= wmEA FUS H 12 A 2RI FEA F A
71 # A2rtEadvuS S (EA/Hex=1/1, v/iv) ZEA} o]
9lo] E2S A\ A3l THFS ARE-lo] 24} Poly-AS &
glatnt. 22 2704 Thial M227E] J24} Poly-BE
FAdskaict

Al M3(1.47 g, 5.00 mmol)E CF,CO,H(5 mL)E ¥
T &S 30 TR FAIg}. o] ¥-g7]el MeOTf(methyl
triflate)(28 pL, 0.25 mmol)Z WEA] FY3F 5 48 A7+
ST 89S 213 F5A1Z] ¥ CHCL(5 mL)dl| 5]
EtNG mL)E Z7HeE 3 1417 wnkstdoh, kg8l
CHCL(20 mL)°o.2 3l & FHTE FZ3th 7715
4 MgSO,=Z ] & A E A AL 2a3)7 S8
&SI A7 @ A2vE 2 Y)(THR)E 53l 38
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Pol-A(88%) 'H NMR(400 MHz, DMSO-dg) J 3.56(t, J=8
Hz, 2H), 3.35(m, 4H), 3.13(m, 1H), 2.71(t, J=8 Hz, 2H),
2.69-2.53(br, 1H); *C NMR(100 MHz, CDCL;) ¢ 1882, 60.9,
452, 34.4, 33.4.

Pol-B(70%) 'H NMR(300 MHz, CDCl;) § 3.66-3.41(m,
10H), 3.33(s, 3H), 3.24-2.91(m, 2H), 2.87-2.80(m, 1H), 2.75-
2.70(m, 2H); *C NMR(75 MHz, CDCly) § 188.7, 71.8, 70.9,
70.4, 70.3, 59.0, 46.01, 34.6, 34.1, 31.2, 30.2.

Pol-C(67%) 'H NMR(400 MHz, CDCl;) § 3.88-3.65(m,
4H), 3.58-3.12(m, 4H), 3.12-2.82(m, 1H), 2.76-2.52(m, 2H),
2.52-2.40(s, 6H), 1.8(m, 2H).

O|MZEX|(M3a) &M, TE=F M3(0.59 g, 2.0 mmol)2}
ZnCl,(0.14 g, 1.0 mmol)E chlorobenzene(8 mL)ol| =91 &
HS 80 TollA 48 AlZF witslSltt. Whg- ol T/E A
718 H ethyl acetate® F=3I0t}E 77152 7 MgSO,Z2
A & JAE AA A A3 TR FFSIS A
g7 # A=vE 283 (MeOH/EA, 1/10)2 AAE M3a
(40%)E 23Utk 'H NMR(300 MHz, CDCly): 6 4.17
(m, 1H), 3.87-3.65(m, 6H), 2.60-2.55(m, 2H), 2.44(m, 6H),
1.79(m, 2H); “C NMR(75 MHz, CDCL): § 197.0, 64.0, 56.5,
52.1, 51.8, 39.3, 35.6, 29.1, 23.0.

T2| sE 4. AlxE ZEA Poly-A9} Poly-B(300 mg)yS-
ZFzF DMSO(100 mL)Y =] 3000 ppm &2 #|=3}e] A}
&3t} Poly-Cx 52 HCIZ pH7} 229 gl 5o
3000 ppm &2 Az LE FE|oF - oS EF &
4 CuSO.2t HegCLE S/l 4 ¥R 5.0 uM 784S
ARSI B4 HE 20 892 Dyes SHTl =<
50 uM T8-S Azt ARSI 2wl &4 54
SN VIR HL F 2ol 1N A3 & S/RTE
A7¥ste] 1.0 upMe] Dye 5% Z700A FHEE SA59A
o} 200 ppm 2R} BN S fsle], Al EA}F &
1.0 mLéF 78] 4489 1.5 mL £33l 247> wEF £ Dye
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Figure 1. Preparation of 5-cyclic dithiocarbonate monomers.
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Figure 2. Synthesis of poly(dithiocarbonate).
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Figure 3. '"H NMR spectra of Poly C prepared from monomer M3 in CF;CO,H.
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Table 1. Polymerization Condition and Characterization

Monomer  Solvent  Conversion Polymer M,, M, , PDI
M-1 CHCIl;  100% (24 h) Poly-A 3.81, 4.99, 1.31
M-2 CHCl; 100% (12 h) Poly-B  6.12, 7.28, 1.19
M-3 CHCl; 0% (24 h)  Poly-C
M-3 CF;CO,H >90% (48 h) Poly-C 3.25"

Polymerization was conducted using MeOTf (5.0 mol%) in 1.0 M con-
centration at 30 C. “The average number of molecular weight (M,
kD/mol) and the average weight of molecular weight (14,,) were deter-
mined by gel-permeation chromatography. PDI means M, /M,. *The
molecular weight was calculated from Mark-Houwink-Sakrada equation
based on viscosity.

FAte] 25 FRIEAATE M3= ZnCl, EA15HIA O/S
W3hgo] RYxlo] o] A=A isomer(M-3ay’} T HAHAER
FEASL 'H NMR 2 E-S 53] 8912 4= I9ieh. 4.15
ppmollA YERE S0 = isomere] H(a)oll 3171 wl<zoll
o] o] HEZES ulasle] 30%2] o1 As} Wk 70%:2]
SRR} Whgo] AR APHeS & T ek

774 8718 Zhe 4 ALEA Poly AE DMSO%t
THFe &3l7} 2o Wek23} CHClL ¥ EollMe A9 =
2] ettt $A1HA Poly BS] 84 4] ogith B o
T4 Poly ASH Poly BE DMSO09} &2] &3 &= A}
gsto] =1 & 54 H7HE 136k Poly C= HIEHE
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Figure 5. Absorption intensity of Cu-Dye complex with a variance
of polymer concentration.
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Figure 6. UV-vis absorption spectra of Dye solution sensitive to
copper ion.

SHAl FASIRAL o] F ghtek HelE BHT) Dye‘—:— Cu*™l|
oist el 7hg-o] dofjuiar Hgoll Uigh 78
HA] =t} Figure 6914 Dye2] Cu*Ttigl S —*“:h Hg*'o]

| EAIskE 2NN E A FARH B2 Dye=
1.0 M TEZ FAIBEL Cu*'(0.5 pM)2] §5= zé‘ﬂ—«i =
of Fg] T Wsle) wizkeh 2718 vt 3% 3

HAE ARESt] Cu A &5 B3 E} Figure 7011*1
FEA7E HA7FEA] e FRE1)E VTR A "t
2w *‘EHZ*?_ TEEN)E AR st H]LO} 3t Poly
A%} Poly BE 4% 747t H3lo] Xlﬁgﬂﬁiu S vEkdith
Poly C¢] =l EHU 83l 542 w2 pHollAl morpholine®]
IR Wgks Fal SR ZEM pH42} pH50lA A
d 2 =EWL)E 180 27 et o3 Curel 518}
AA BHE AREE Zrpdlo] Aol = vIzkeA| st u




S84 Aol orhrlols TRA Axe} FHolEe AT AT 749

1.8 B 0.5uM-Cu®
18 = [ 10.5uM-Cu”"&Hg"™
E T (Dye/Cu*"=2/1)
= H=4
w
0 10 e
S 084
s
7 061 pH=6
2
®
@ pH=7
=
[+]

o

PolyA PolyB PolyC PolyC PolyC PolyC
Pclymer solution (200 ppm)
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