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Cyclic carbonates undergo ring-opening polymeriza-
tion with both cationic and anionic initiators, which
have been extensively studied by several research
groups.! We have also found that cyclic carbonates
show volume expansion during polymerization, which
can be accounted for by the difference in strength of
the intermolecular interaction between monomers
and polymers.2 Recently, sulfur-containing polymers
such as polythioethers® and polythioesters* are gaining
importance due to their excellent optical and thermal
properties. In the course of the study of the ring-
opening polymerization of cyclic carbonates, we have
designed a sulfur analogue of cyclic carbonate, i.e., cyclic
monothiocarbonate. We have reported the first anionic
ring-opening polymerization of a six-membered cyclic
monothiocarbonate, 1,3-oxathian-2-one, to afford poly-
(trimethylene thiocarbonate).> Polythiocarbonate with
the similar structure can be obtained by the cationic
ring-opening polymerization of 1,3-dioxane-2-thione
as reported by Kricheldorf et al.® Unfortunately,
the obtained polythiocarbonate is poorly soluble in
common organic solvents; therefore, the detailed
polymerization behavior is not sufficiently reported.
This communication deals with the controlled cationic
ring-opening polymerization of a six-membered cyclic
monothiocarbonate, 5,5-dimethyl-1,3-dioxan-2-thione (1),
as described in Scheme 1.

The monomer 1 was synthesized by the reaction of
2,2-dimethylpropane-1,3-diol with an equivalent amount
of thiophosgene in the presence of 2 equiv of 2,3-
dimethyl-1-phenyl-3-pyrazolin-5-one in chloroform at 50
°C for 12 h in 45% yield.” The cationic polymerization
of 1 was carried out with 2 mol % of trifluoromethane-
sulfonic acid (TfOH), methyl trifluoromethanesulfonate
(TfOMe), boron trifluoride etherate (BF3;OELt,), or tri-
ethyloxonium tetrafluoroborate (Et30BF,) as an initia-
tor at 30—80 °C under a dry nitrogen atmosphere as
summarized in Table 1. The consumption of the mono-
mer was achieved within 8 h in runs 1 and 2 and within
3 hin runs 3—5. Figure 1 shows the GPC profiles at
the different polymerization time. There is no significant
difference between the GPC profiles at 8 h and that at
24 h (conditions: monomer, 2.00 mmol; initiator, 0.040
mol; solvent, 2.00 mL of CH,Cl,; temperature, 30 °C),
supporting the absence of backbiting reaction. In all
cases in Table 1, polythiocarbonates with the narrow
molecular weight distribution could be obtained, which

*To whom all correspondence should be addressed. Present
address: Department of Polymer Science and Technology, Faculty
of Engineering, Yamagata University, 4-3-16 Jonan, Yonezawa,
Yamagata 992-8510, Japan. Phone: +81-238-26-3090. Fax: +81-
238-26-3092. E-mail: tendo@poly.yz.yamagata-u.ac.jp.

T Japan Chemical Innovation Institute.

10.1021/ma000760u CCC: $19.00

()24 h

[}
[T

10° 10* 10°
Calibrated molecular weight

Figure 1. GPC profiles of the obtained polythiocarbonate at
different polymerization times: (a) 8 h, (b) 24 h. Conditions:
monomer, 2.00 mmol; initiator, 0.040 mol; solvent, 2.00 mL of
CH_Cl;; temperature, 30 °C.

Scheme 1

HiC/— Q. Cationic initiator CHa
=s s._O
HsC o Solvent \[( CHa
1

o n

Cationic initiator: Et;OBF,4, TfOMe, TfOH, BF3;OEt,
Solvent: CH,Cl,, CHCI3, PhCI

exhibited good solubility in common organic solvents
such as tetrahydrofuran (THF), chloroform, dichloro-
methane, and acetone. The conversion estimated by 1H
NMR spectroscopy was nearly equal to the yield of the
polymer. The difference in the observed M,;’'s among the
initiators used would be due to the difference in initia-
tion efficiency. The difference between the observed and
expected My's would be owing to the low initiation
efficiency and/or the different solvation state in THF
between the polythiocarbonate and the polystyrene
standards. The obtained polymer could be isolated
by precipitation with hexane, and the structure was
examined by 'H NMR, 3C NMR, and IR spectroscopy.
Figure 2 illustrates the 'H and 3C NMR spectra of 1
and the polymer obtained in the polymerization in run
3 in Table 1. The IH NMR spectrum of the polymer
(Figure 2B) showed three singlet signals at 1.01, 2.94,
and 4.07 ppm, which were assignable to the methyl
group and the o- and y-methylenes of the thiocarbonate
sulfur, respectively. The 13C NMR spectrum of the
polymer (Figure 2D) showed the corresponding three
methylene carbon signals at 35.5, 39.5, and 73.6 ppm,
the methyl carbon one at 23.4 ppm, and the carbonyl
carbon one at 171.0 ppm. The assingments of the
observed signals were confirmed by DEPT experiment.
The 3C NMR spectrum of 1 (Figure 2C) showed the
thiocarbonyl carbon signal at 189.1 ppm, indicating the
progress of the cationic ring-opening polymerization
accompanying isomerization of the thiocarbonyl group
into the carbonyl group. The isomerization was sup-
ported by a C=0 absorption peak at 1717 cm~! in the
IR spectrum of the polymer. Scheme 2 illustrates a
plausible mechanism for the ring-opening polymeriza-
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Table 1. Cationic Ring-Opening Polymerization of 12

run solvent initiator time (h) temp (°C) conv® (%) Mpn¢ Muw/Mp¢
1 CH.Cl» Et;0OBF4 24 30 >99 13 200 1.04
2 CHCl3 Et;OBF4 20 40 >99 16 800 1.04
3 PhCI TfOMe 12 80 >99 11 200 1.15
4 PhCI TfOH 12 80 >99 13 900 1.13
5 PhCI BF;OEt; 12 80 >99 31000 1.08

a Monomer, 0.25 mmol; solvent, 0.25 mL; initiator, 0.005 mmol. ® Determined by 'H NMR spectroscopy measured in CDCls. ¢ Estimated

from GPC eluted with THF based on polystyrene standards.
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Figure 2. (A) 'H NMR spectra (solvent; CDCl3, 500 MHz) of 1, (B) polymer obtained in the polymerization in run 3 in Table 1,
(C) 3C NMR spectra (solvent; CDCls, 125 MHz) of 1, and (D) polymer obtained in the polymerization in run 3 in Table 1.
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tion, which may proceed via the nucleophilic attack of

a thiocarbonyl sulfur to a cationic initiator, followed by

the nucleophilic attack of a thiocarbonyl sulfur to the

o-position of an ether oxygen in a cyclic carbenium ion.
The relationship between the M, of the polymer and

feed ratio of [1])/[EtsOBF,4] was linear, and the M,/M,
was around or less than 1.1 as shown in Figure 3. The
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living character of the present polymerization was
confirmed by postpolymerization. After the first stage
polymerization of 1 (20 equiv to EtsOBF,) for 12 h at 0
°C, the second monomer (40 equiv to Et;0OBF,) was fed
to react continuously for an additional 12 h at 30 °C.
The M, of the obtained polymer increased by the second
monomer feed as shown in Figure 4, though a small part
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Figure 3. Relationships between M,, M/M,, and feed ratio

of [1])/[EtsOBF,]. Conditions: monomer, 0.25 mmol; solvent,
0.25 mL of CH,Cl,; temperature, 30 °C.

(a)

(b)
ITETR AP TN T (1YW AT AR 11T S Wik W S [TITON
10° 10* 10°
Calibrated molecular weight
Figure 4. GPC profiles of the obtained polythiocarbonate in
postpolymerization: (a) after prepolymerization of 1 (20 equiv
to Et;0BF,), M, = 4200 (MW/M, = 1.16), (b) after postpoly-

merization of 1 (40 equiv to Et;OBF,), M, = 12 400 (Mw/M, =
1.15).

of the prepolymer chains did not completely grow,
supporting quasi-living character of the polymerization.

In summary, the polymerization of 5,5-dimethyl-1,3-
dioxane-2-thione (1) by several cationic initiators af-
forded polythiocarbonate with good solubility in common
organic solvents and narrow molecular weight distribu-
tion. The molecular weight of the obtained polymer
could be controlled by the feed ratio of the monomer to
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initiator and increased when the second monomer was
added to the polymerization mixture after quantitative
consumption of 1 in the first stage, supporting that the
cationic ring-opening polymerization of 1 proceeded via
a quasi-living process.

Acknowledgment. This work was financially sup-
ported by New Energy and Industrial Technology
Development Organization (NEDO) for the project on
Technology for Novel High-Functional Materials.

References and Notes

(1) (a) Hocker, H.; Keul, H.; Kuhling, S.; Hovestadt, W.; Muller,
A.; Wurm, B. Makromol. Chem., Macromol. Symp. 1993, 73,
1. (b) Hocker, H.; Keul, H. Macromol. Symp. 1994, 85, 211.
(c) Weilandt, K. D.; Keul, H.; Hocker, H. Macromol. Chem.
Phys. 1996, 197, 2539. (d) Schmitz, F.; Keul, H.; Hicker, H.
Macromol. Rapid Commun. 1997, 18, 699. (e) Kricheldorf,
H. R.; Weegen-Schulz, B.; Jenssen, J. Makromol. Chem.,
Macromol. Symp. 1992, 60, 119. (f) Kricheldorf, H. R,
Weegen-Schulz, B. Makromol. Chem., Rapid Commun.
1993, 14, 405. (g) Kricheldorf, H. R.; Mahler, A.; Lee, S.-R.
New Polym. Mater. 1996, 5, 25. (h) Kricheldorf, H. R.; Lee,
S.-R.; Weegen-Schulz, B. Macromol. Chem. Phys. 1996, 197,
1043. (i) Hayakawa, M.; Mitani, M.; Yamada, T.; Mu-
kaiyama, T. Macromol. Rapid Commun. 1996, 17, 865. (j)
Hayakawa, M.; Mitani, M.; Yamada, T.; Mukaiyama, T.
Macromol. Chem. Phys. 1997, 198, 1305.

(2) (a) Takata, T.; Endo, T. Prog. Polym. Sci. 1993, 18, 839. (b)

Takata, T.; Endo, T. In Expanding Monomers: Synthesis,

Characterization, and Applications; Sadhir, R. S., Luck, R.

M., Eds.; CRC Press: Boca Raton, FL, 1992; Chapter 3, p

63. (c) Takata, T.; Amachi, K.; Kitazawa, K.; Endo, T.

Macromolecules 1989, 22, 3188. (d) Takata, T.; Sanda, F.;

Ariga, T.; Nemoto, H.; Endo, T. Macromol. Rapid Commun.

1997, 18, 461.

(a) Imai, Y.; Ueda, M.; li, M. Makromol. Chem. 1978, 179,

2085. (b) Imai, Y.; Ueda, M.; li, M. J. Polym. Sci., Polym.

Lett. Ed. 1979, 17, 85. (c) Imai, Y.; Kato, A.; li, M.; Ueda,

M. J. Polym. Sci., Polym. Lett. Ed. 1979, 79, 579.

Podkoscielny, W.; Szubinska, S. J. Appl. Polym. Sci. 1988,

35, 85.

(5) Sanda, F.; Kamatani, J.; Endo, T. Macromolecules 1999, 32,

5715.

Kricheldorf, H. R.; Damrau, D.-O. Macromol. Chem. Phys.

1998, 199, 2589.

(7) Mp 99-100 °C. 'H NMR ¢ (CDCls, 500 MHz): 1.15 (s, 6H,
—CHy3), 4.18 (s, 4H, —CH,—0-) ppm. ¥ C NMR 6 (CDCls,
125 MHz): 21.4 (—CHg), 28.5 (C—(CH3) 2), 78.5 (—O—CHy—),
189.1 (C=S) ppm. IR (KBr disk): 2965, 2905, 2880, 1472,
1404, 1381, 1319, 1244 (C=S), 1196, 1057, 978, 905, 828,
748, 656, 627, 529 cm~1. EI-MS (m/e): 146 (M*, 41%), 105
(3%), 91 (8%), 69 (23%), 57 (43%), 41 (100%).

MAO000760U

@3

~

4

=

6

~



