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Abstract: Cationic ring-opening polymerization was investigated with three cyclic dithiocarbonates. Neighboring sulfide
and ether groups stabilize a cationic intermediate appeared in the structural reorganization of cyclic monomers and sup-
press competitive isomerization, leading to a high polymer conversion. A heterocyclic substituent with sulfur and oxygen
on a monomer changed to a smaller heterocycle in the corresponding polymer. A plausible mechanism for the ring con-
traction was proposed involving neighboring group participation. The polymerization exhibited the characteristics of liv-
ing polymerization such as a narrow molecular weights distribution, which was controllable with initiator contents. The
thermal stability of the prepared poly(dithiocarbonate) was enhanced by end-capping reaction.
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=, CDCLE &7iA W 71+ 2= ARE-ste] S48kt
Spiro Epoxy(1) &4. 1,2-Dihydroxybenzene(1.10 g, 10.0
mmol)3 methallyl dichloride(1.16 mL, 10.0 mmol)& A€
DMF(45 mL)oll =<1 ¥, sodium hydride(60%, 0.88 g, 22.0
mmol)& 24 HZ8] H7Feiict. Ad2ellA IA7F ant
5 60°CollA 1241 7F WHAIZ L) 202 23] jEg- 8-
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CEYE 7158 S T MgSO.E Bl S AlA
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alal IAE FEE & I3 SWNR w5 A
7 3 A ZepE 23] (EA/hexane, 120)2 A ES &
7 A 59 tH(78%). 'H NMR(400 MHz, CHCl,): § 6.66-6.96
(m, 4H), 4.96(s, 2H), 4.73(s, 4H); '>C NMR(CHCI): & 149.6,
144.0, 123.0, 121.0, 111.8, 73.4.

o]% ATS zh= 9 AAE(1.27 992 CHCL(25 mL)ydl =
Q1 % m-chloroperoxybenzoic acid(mepba)(1.92 g, 8.58 mmol)
£ AA8] FA7bskal AFolA 12417F kst 1133
Ztﬂ—7]i = 5] H]—.__‘o_‘ 1—%_0_ }dg]y]_xﬂ y)r Z_EU]-ELIEHJJ
(EA/hexane, 12002 A= (1) F2I3FATH90%). 'H NMR
(400 MHz, CDCLy): 8 6.95(m, 4H), 4.26(dd, J=15 Hz, 27 Hz,
4H), 2.86(s, 2H); *C NMR(CHCl;): & 149.6, 123.5, 121.2,
73.6, 57.9, 50.8.

5-Cyclic Dithiocarbonate(2) &4. o ZA] 2 (1)(0.89 g,
5.0 mmol)®ll CS,(0.45mL, 7.50 mmo)E P& & Zujj o]
LiO'Bu(40 mg, 0.50 mmol)Z(Z-2 THF &1jo]l LiBr Zujl A}
ﬁ) z47}6l 5 30°C AAZANNA 1087F wulslH T vk

oﬂ CHCLEOmLYE o] &3 § S/HI= AojEth
°7l S 3 & 4 MgSO,E AEd 5 A E AlA
slal AF3d TR FFISh A7 & A=nE
222 9] (EA/hexane, 120)= B/dE5 ] GAst A=
2)E 80% €= AUtk 'H NMR@00 MHz, CDCly): §
6.96(m, 4H), 4.13(s, 4H), 3.60(s, 2H); *C NMR(100 MHz,
CDCLy): & 225.1, 150.4, 123.8, 121.1, 76.1, 73.1, 37.7.

Al AL 5(88%)9F 7(85%)S TAI ST

5. 'H NMR(400 MHz, CDCLy): & 4.26-4.22(m, 2H), 4.07
(d, J=20Hz, 1H), 3.81(m, 1H), 3.60(s, 3H), 3.16(dd, 2H),
2.95(m, 1H), 2.76(m, 1H); *C NMR(100 MHz, CDCl): &
210.5, 102.5, 76.0, 75.9, 40.6, 38.6, 36.7.

7: '"H NMR(300 MHz, CDCL): § 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): &
2237, 133.5, 130.7, 129.6, 127.7, 89.0, 38.5, 36.1.

Cyclic Ketone(3) &M. Epichlorohydrine(3.92 mL, 50.0
mmol)¥} 2-mercaptoethanol(3.49 mL, 50.0 mmol)S 5 /<
(100 mL)°ll =21 & NaOH(0.20 g, 5 mmol)S 3 7}5to] A&

oA 4AZE wnksSiTt. Hke-g-elell 1 M-HCES: 371sle] &
315t § EAR AN =S FE3H F 6.0 g(70%)2] diole
AT ZF(100 mL)l| ©] EAL ThA] o] LEE 50°C
2 fA359 . NaOH(1.4 2= =91 =89 100mLE <F 1
AIZE &< 8] H7Fekdh 1412F wRE $ 219 HCI 2-3
WS Hrtste] vhgS ST HE 784S EA
2 FEle] 1E¥ gAsS sk THES 65%= W
2|33}, Oxalyl chloride(1.86 mL, 22 mmol)E 5~ CH,Cl,
(50 mL)oll =21 % -50°CelA] 5 DMSO(3.44 mL, 44
mmol)E H 3] H7Fsiich oA AHE FI S =9
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CH,Cl, (50 mL) &S -50 °CollA] HH3] A8kt 102
ZF 8k & .50 °Coll A EtN(15 mL)E F71ska oo &
S5 S 3AZE WESAIZATE W8 9o NaHSO4(1 g)5 3
7¥elal =& wol wyksislth. £3-89S CHCLE F&3}
3L F4 MgSO,E A § IAE AlAsA 23 S
712 H=319 Tk /“Eli’}x“ I 2 ulE 1 3] (EA/hexane, 1/
102 A4=3)E 60% TE= -2l5I3th. 'H NMR(300 MHz,
CDCly): & 4.27(s, 2H), 4.111(t, 2H), 3.43(s, 2H), 2.87(t, 2H);
3C NMR(70 MHz, CDCL): & 206.6, 77.7, 77.5, 39.4, 35.1.

Spiro Epoxy(4) &4A. Trimethylsulfonium iodide(2.45 g,
12.0 mmol)S ¥ THF(30 mL)°ll *°]32 KO'Bu(98%, 1.35
g, 12.0 mmol)E “&-=ollA H7}stal 1027+ wRkgteh. A&
(3) (130 g, 10.0 mmol)S THF(10 mL)°ll o] 23] H7}
SISt A2ollA 6A17F wRESE § SRTE 7SI EAR
FEIUTE 77155 5 MgSO,E A2 § A E A A
o ;q_,_ﬁl;q zHLﬂE 10.-_31_;}0:11;]_ Nﬂ?}xﬂ I IZ2vlE]
2| 7] (EA/hexane, 1/10)2 B4 E4)E 23t 'H NMR
(300 MHz, CDCly): & 4.2-5.81(m, 2H), 3.89(dd, J=12 Hz, 63
Hz, 2H), 3.00-2.72(m, 6H); >*C NMR(75 MHz, CDCL,): § 76.4,
61.1, 53.0, 37.2, 36.6.

Epoxide(6) &A. 2-(2-(2-methoxyethoxy)ethoxy)ethanethiol
(1.00 g, 5.55 mmol)2- 1,4-dioxane(3 mL)°ll =<1 3 KOH(0.62
g, 1.1 mmo)E =< F8A3 mL)S H7stch o] &do
epichlorohydrine(0.65 mL, 8.33 mmol)S % 0}57_ -0l A
12A17F 2t REGAIATE SRE5 ol RS S48 EA
2 FE39Y 4715 7 MgSO,= A2 & AAE A
Astal AF3H SR FFaeinh A7 3 A=a)
E#)9(EA/hexane, 1/4)Z AAHE(6)S 50% T2 25}
%At} '"H NMR(300 MHz, CDCly) §(ppm)=3.56-3.39(m, 10H),
3.23(s, 3H), 2.99(m, 1H), 2.68-2.45(m, 6H); “C NMR(75
MHz, CDCly): § 71.7, 70.9, 70.3, 70.3, 70.0, 58.8, 51.6, 46.6,
343, 31.4.

JNgt DEXHES, TEA) 5(1 11 g, 5.0mmol)S ¥3sl=
Ze}2=30] CHCL(S mL)E 9ol THe §98 30°CE #4
fﬂv} o] w3719 MeOTf(methyl triflate)(28 mL, 0.25 mmol)
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JEA BE sttt aEAF ¥hg- - wh-g-7]ol| sodium
dlethyldlthlocarbamate trihydrate(0.28 g)¢} CH;CN(3 mL)E
H7Velal 712 5A17F wHlste] A A weke] uhgAd
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Polymer A(75%): 'H NMR(300 MHz, CDCl;): & 6.94(s,
4H), 4.05(s, 4H), 3.35(s, 2H).

Polymer B(95%, powder): '"H NMR(300 MHz, CDCL): §
3.47(s, 4H), 2.90(s, 2H), 2.85(s, 4H), 2.08(m, 2H); '*C NMR
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Figure 2. Preparation of 5-cyclic dithiocarbonate monomers.

(75 MHz, CDCLy): & 188.3, 542, 45.4, 38.4, 34.6, 32.9, 27.8.

Polymer C(65%) '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, CDCl;) & 188.7, 71.8,
70.9, 70.4, 70.3, 59.0, 46.0, 34.6, 34.1, 312, 30.2.

DEX 252, 49 222 B(1.0 gy= THE(S mL)ol
0] 32 KOH(0.1 9)E 3591 ﬂ]%%@ mL)S A718lar AL
A 24R7F TS E} 5o AAS Hrketed uke-
S 4383 EAR F 6}2%} F7152 7 MgSO,= A
g & AE Ayl 13 72 F53181Th A
7 # 32 vhE 22 3] (EA/hexane, 1/10)2 A3 & (52)S
75% &2 E2)312th 'H NMR(300 MHz, CDCly): & 3.94
(t, J=6 Hz, 2H), 3.84(s, 2H), 3.36(d, J=12 Hz, 2H), 3.13(d,
J=12 Hz, 2H), 2.78(t, J=6 Hz, 2H); *C NMR(75 MHz, CDCl;):
8 75.0, 68.4, 53.6, 47.7, 27.3.
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Figure 3. Polymers synthesized by cationic ring-opening polymer-
ization of cyclic dithiocarbonate monomers.
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a7F Al E = 24 S5A4do] UEFHTE Carbamate® et X

Table 1. Average Molecular Weights of the Prepared Polymers

0E off

30 o
T3
W

=%

0

=

# of Av. molecular weights (Da)
Polymer  M/In“ N — — —
repetition M, M, M/ M,
A 20:1 19.5 4750 5940 1.25
B 20:1 21.3 4396 7251 1.16
40:1 333 7983 9659 1.21
60:1 - 10113 12944 1.28
C 20:1 20.2 6135 6994 1.14

“Feeding ratio of monomer to MeOTf.
’Estimated average number from 'H NMR.
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Figure 6. TGA analysis of polymer B end-capped by carbamate.

g8 ZRA] 49 gAel Z7HIAT 200°C o7
Bal7h AAEA ek 253 °ColA 10% a7t Qs @
4wk

4 =
27k8 UElohio| 2] Yol AR FTSL AT
SR, QUFT Pt Ao A T WAL FAHE
o PPN o) APk 2 FE BIL 5

[e)

oJgo] TRAFGO] 27 7)elSie e Bae
ol o5 QPYS) B AR dth o
e Fge AW 5Pz AWHAT A Fol

Tt AT Pl oI Jie = &t 381

. 2ehol] diethyl
dithiocabamateS AFAIA EAFe] MgAdS AE 5
91Tt
PIAAN .

=Re BaEty 7| RAT] DAL (29)

OlaetE: AAES olalldEe] flvs Adth
2o 28

1. Arslan, M.; Kiskan, B.; Yagci, Y. Recycling and Self-Healing of
Polybenzoxazines with Dynamic Sulfide Linkages. Sci. Rep.
2017, 7, 5207.

2. Liu, J.; Ueda, M. High Refractive Index Polymers: Fundamental
Research and Practical Applications. J. Mater. Chem. 2009, 19,
8907.

3. Cao, W,; Dai, F.; Hu, R.; Tang, B. Z. Economic Sulfur Conversion
to Functional Polythioamides through Catalyst-Free Multicomponent
Polymerizations of Sulfur, Acids, and Amines. J. Am. Chem. Soc.
2020, 142, 978.

4. Sulfur-Containing Polymers: From Synthesis to Functional Materials,
Zhang, X. H., Theato, P., Eds. Wiley: Hoboken, 2021.

5. Mutlu, H.; Ceper, E. B.; Li, X.; Yang, J.; Dong, W.; Ozmen, M.
M.; Theato, T. Sulfur Chemistry in Polymer and Materials
Science. Macromol. Rapid Commun. 2019, 40, 1800650.

6. Hoyle, C. E.; Lowe, A. B.; Bowman, C. N. Thiol-Click Chemistry:
a Multifaceted Toolbox for Small Molecule and Polymer Synthesis.
Chem. Soc. Rev. 2010, 39, 1355.

7. Nakano, K.; Tatsumi, G; Nozaki, K. Synthesis of Sulfur-Rich
Polymers: Copolymerization of Episulfide with Carbon Disulfide
by Using [PPN]Cl/(salph)Cr(III)CI System. J. Am. Chem. Soc.
2007, 129, 15116.

8. Berti, C.; Celli, A.; Marianucci, E. Sulfur Containing Polymers.
Aromatic Polydithiocarbonates and Polythiocarbonates: Synthesis
and Thermal Properties. Eur: Polym. J. 2002, 38, 1281.

9. Wu, S.; Luo, M.; Darensbourg, D. J.; Zuo, X. Catalyst-Free
Construction of Versatile and Functional CS2-Based Polythioureas:
Characteristics from Self-Healing to Heavy Metal Absorption.
Macromolecules 2019, 52, 8596.

10. Tian, T.; Hu, R.; Tang, B. Z. Room Temperature One-Step
Conversion from Elemental Sulfur to Functional Polythioureas
through Catalyst-Free Multicomponent Polymerizations. J. Am.
Chem. Soc. 2018, 140, 6156.

11. Ochiai, B.; Endo, T. Synthesis of Polymers from Carbon Dioxide
and Carbon Disulfide. Prog. Polym. Sci. 2005, 30, 183.

12. Kim, C. G; Son, M. J.; Do, J. Y. Cationic Living Polymerization
of Cyclic Dithiocarbonates involving Sulfide-Migration. Eur
Polym. J. 2021, 156, 110611.

13. Diebler, J.; Spannenberg, A.; Werner, T. Atom Economical
Synthesis of Di- and Trithiocarbonates by the Lithium tert-
Butoxide Catalyzed Addition of Carbon Disulfide to Epoxides
and Thiiranes. Org. Biomol. Chem. 2016, 14, 7480.

14. Dodd, J. H.; Henry, J. R.; Rupert, K. C.; Bullington, J. L.; Hall,
D. A. Oxathiepino[6,5-b]dihydropyridines, and Related Compositions
and Methods. US Patent 6,476,022 B1, 2002.

BUR BAME: FF LA ANE = L 7)# g
4 T} BAs] TR AT,

Polym. Korea, Vol. 46, No. 3, 2022



